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ABSTRACT 
 
 Marine Interstitial Tardigrades and Other Meiofauna of 
 Huntington Beach, South Carolina 
 
by 
Michael S. Gaugler 
 
At Huntington Beach, SC meiofauna distribution was investigated.  The purpose of the study was to 
determine tardigrade species present and any significant differences in the distribution pattern.  
Meiofauna were analyzed to determine if there were significant differences in their distribution patterns in 
relation to abiotic variables. 
 
Cores were taken in the intertidal zone along three elevations.  Each core was divided into depth 
samples and was processed to remove meiofauna.  Each taxon (>1500 specimens) and tardigrades was 
statistically analyzed using three-way ANOVA to compare distribution patterns. 
 
There were eighteen taxa identified and an estimated 330,338 specimens.  The seven dominant taxa 
were Nematoda, Copepoda, Oligochaeta, Mystacocarida, Sarcomastigophora, Halacaroidea, and 
Turbellaria.  The community and each taxon demonstrated one or more significant differences in their 
distribution pattern.   
 
Tardigrada had 326 specimens collected and 300 identified to species in five genera.  Elevation was a 
source of significant variation for tardigrades.   
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CHAPTER 1 
INTRODUCTION 
 
 
 
 
The phylum Tardigrada (water bears) has received little attention outside scholarly circles, but 
their presence has been known for more than 200 years since they were first described by Goeze in 
1773 (Ramazzotti and Maucci 1983; Nelson 1991).  During the 18th century, Spallanzani gave these 
animals their current name, tardigrades, because of their lumbering gait (Kinchin 1994).  Tardigrades 
had often been grouped within other phyla until Ramazzotti (1962) published the first edition of Il 
Phylum Tardigrada and recognized them as a separate phylum.  Today they are sometimes considered 
one of the "less important phyla" although Nelson (1991) described them as one of the "lesser known 
phyla." 
Tardigrades have a distinct head and 4 indefinite body segments, each terminating with a pair of 
legs (Ramazzotti and Maucci 1983; Kinchin 1994).  The body is bilaterally symmetrical and is usually 
ventrally flattened and dorsally convex (Ramazzotti and Maucci 1983).  These animals are microscopic 
metazoans that range in size from 50 - 1200 mm, and mature adults average 250 - 500 mm in length 
(Nelson 1982; Ramazzotti and Maucci 1983; Nelson and Higgins 1990). 
Within the phylum, authorities recognize 3 classes: Heterotardigrada, Eutardigrada, and 
Mesotardigrada.  The heterotardigrades are divided into 2 orders: Arthrotardigrada, the marine forms 
possessing a median cirrus, and the Echiniscoidea, the terrestrial armored and marine unarmored forms 
(Nelson and Higgins 1990).  The marine arthrotardigrades are considered the more primitive forms, and 
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it is hypothesized that some of these invaded the terrestrial habitats during the early Paleozoic 
(Kristensen 1987).  The eutardigrades are the unarmored terrestrial and freshwater water bears (Nelson 
and Higgins 1990).  A 3rd class, Mesotardigrada, was described by Rahm (1937) based on a single 
species, Thermozodium esakii, from a thermal spring in Japan.  The type specimen was lost and the 
habitat was destroyed by an earthquake.  Therefore, the existence of this class remains in question. 
Characters used to distinguish the 2 major classes include cuticular structures, cephalic 
appendages, claw number and structure, and structure of the buccal apparatus (Nelson and Higgins 
1990).  The heterotardigrades in the family Echiniscidae have a thickened dorsal cuticle divided into 
plates, whereas the eutardigrade's cuticle is thinner and more uniform. Heterotardigrades possess paired 
cephalic sensory appendages: internal buccal cirri, cephalic papillae, external buccal cirri, clavae, and 
lateral cirri A.  A single terminal median cirrus is present in some marine heterotardigrades 
(arthrotardigrades).  Eutardigrades have cephalic sensory fields but no external appendages on the 
head, except for papillae in the Milnesiidae.  The eutardigrade claw is divided into a primary and a 
secondary branch, while the heterotardigrade digit is either a claw, toe pad, or a combination of both.  
The number of digits varies from 4 - 13 in adults (Ramazzotti and Maucci 1983). 
According to Bello and Grimaldi de Zio (1998), the Arthrotardigrada phylogenesis remains in 
question.  Present theory suggests 2 evolving homogenous groups of families (Stygarctidae and 
Renaudarctidae) and Halechiniscidae (Orzeliscinae and Batillipedidae).  Also present within the order 
but of questionable phylogenetic position are Neoarctidae and Coronarctidae.   The difficulty of 
answering this debate lies in determining the evolution of characteristics (morphological or physiological) 
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in response to environmental pressures.  Ghiselin (1966) has stated these similar pressures will force 
homologous species to respond in a similar way. 
Keilin (1959) first used the term cryptobiosis to describe the latent states of organisms during 
which their metabolic rates decline to undetectable levels.  These organisms (e.g. rotifers, nematodes 
and tardigrades) undergo physical and structural changes (Crowe 1971) in response to an unfavorable 
environmental condition such as a change in temperature, hydration, and osmolarity (Crowe 1975; 
Wright et al. 1992).  Avoidance of these conditions decreases environmental pressures (Pilato 1979).  
As a tardigrade enters a latent state, it forms a "tun" which is a contacted barrel-shaped form.  In the 
latent state, there is a reduction in metabolic activities, cessation of growth and reproduction, and the 
tardigrade becomes more resistant to environmental factors including cold, heat, drought, chemicals, and 
ionizing radiation (Crowe 1975).  After environmental conditions become favorable again, the 
tardigrade exits its latent state and returns to normal activities (Westh and Ramlov 1991). 
Crowe (1975) described the different types of latency in tardigrades and the environmental 
factors that trigger this stage:  osmobiosis, by elevated osmotic pressure; anhydrobiosis is induced by 
dehydration; anoxybiosis, by lowered oxygen tension; and cryobiosis, by lowered temperatures.  
Encystment is the latent stage most common among aquatic tardigrades living in permanent freshwater 
pools and is entered when environmental conditions are poor. 
Osmobiosis, a latent state of importance to marine interstitial tardigrades, is induced by elevated 
osmotic pressure at the animal's surface.  This state avoids desiccation.  Collin and May (1950) 
investigated this state in the terrestrial eutardigrade Macrobiotus hufelandi by placing the animals in 
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various ionic solutions.  All animals underwent tun formation.  From these observations, May (1952) 
hypothesized that tardigrades evolved in the marine habitat, then adapted to freshwater and terrestrial 
environments. 
Anhydrobiosis is the most investigated latent state in tardigrades.  Crowe's (1972) study on the 
rate of water loss from the terrestrial eutardigrade Macrobiotus areolatus was the first to demonstrate 
a relationship between the percentage of survivors and the length of exposure to dry air after being kept 
at a high humidity.  After exposure to 72 hours of moist air, nearly all revived. 
From his observations, Crowe (1975) concluded that tardigrades must prepare for dehydration.  
Comparison of extracts from active animals and from animals in the anhydrobiotic state revealed that 
trehalose is synthesized during dehydration.  Crowe et al. (1984) and Westh and Ramlov (1991) have 
demonstrated that only a moderate level of trehalose is necessary for protection during dehydration.  
The role of trehalose is to replace bound water through hydrogen bonding. 
Crowe (1975), Ramazzotti and Maucci (1983), and Wright (1991) stated that the ability of 
tardigrades to undergo anhydrobiosis is limited to only the "terrestrial" or "bryophilous" forms and the 
marine littoral species, Echiniscoides sigismundi, Echiniscoides travei, and Archechiniscus marchi.  
Therefore, the subtidal and deep sea benthic species are believed to lack this adaptation because the 
marine habitat is relatively constant with no rapid fluctuations in temperature, humidity, or salinity 
(Ramazzotti and Maucci 1983).  However, when tardigrades invaded the limno-terrestrial environment, 
the adaptation to withstand dehydration became important (Kinchin 1994).  Although Ramazzotti 
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(1972) stated that obligate freshwater and marine tardigrades may have the capacity to undergo 
anhydrobiosis, it has not been demonstrated experimentally. 
Since the discovery of the first marine tardigrade by Dujardin in 1851 (Kristensen and Higgins 
1984), the marine forms have received less attention than freshwater or terrestrial tardigrades and fewer 
species have been described (Renaud-Mornant 1982; Villora-Moreno and Grimaldi de Zio 1996).  
When Marcus (1936) wrote his monograph on the Tardigrada, only 6 of the 274 species were marine 
among 6 genera.  Today with improved sampling techniques, the number of known marine species has 
increased to 125, and the number of genera has increased to over 40 (Villora-Moreno and Grimaldi de 
Zio 1996).  Many more marine species still remain undescribed (Kristensen and Higgins 1984). 
Tardigrades have been collected throughout the marine environment, but it was not until the 
works of Renaud-Debyser (1956, 1959) that they were recognized as permanent members of the 
coastal meiobenthos.  Many are interstitial species in the littoral zone of sandy beaches or the subtidal 
zone of nearshore waters (Kristensen and Higgins 1984).  Collections have also been made from the 
sediments of marine caves (Grimaldi De Zio et al. 1982; Villora-Moreno 1996).  Depth does not limit 
tardigrade distribution; they have been collected in the abyssal zone living on manganese nodules in the 
South Pacific (Bussau 1992) and at a depth of 4,690 m in the Indian Ocean (Thiel 1966).  Marine 
tardigrades have also exhibited parasitism and ectocommensalism (Nelson 1982).   Tetrakentron 
synaptae is parasitic on the tentacles of the sea cucumbers Leptosynapta galliennei and Synapta 
galliennii (Van der Land 1975).  Actinarctus doryphorus is parasitic on the sand dollar, 
Echinocyamus pusillus.  Echiniscoides sigismundi has been collected on algae, Enteromorpha sp.; 
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barnacles (Balanus balanoides and Balanus improvisus); and in the mantle cavity of the mussel, 
Mytilus edulis (Kristensen and Hallas 1980). 
Infauna, organisms that live within the substrate, are divided into 3 size categories based upon 
their retention on mesh sieves: macrofauna, meiofauna, and nanofauna (Higgins and Thiel 1988).  These 
size categories have little relationship with community classification because some taxa have 
representatives in each of the categories at some period of their life histories (Higgins and Thiel 1988). 
Marine tardigrades are 1 of the 22 metazoan animal phyla that have representatives in the 
meiofauna community.  They are considered meiofaunal taxa because their species have maximum 
dimensions of less than 1 mm at sexual maturity (Higgins and Thiel 1988). 
Of the marine groups, the interstitial tardigrades are the most investigated.  Richters (1909) was 
the first to describe Batillipes mirus from this habitat.  The genus remained monotypic for 37 years, but 
today the genus Batillipes is considered the most diverse and widely distributed of the genera 
(McKirdy 1975).  In the United States, species have been collected along the Pacific Coast from 
California (B. gilmartini, McGinty 1969; Pollock 1989; B. tridentatus, Pollock 1989), Oregon (B. 
mirus, Pollock 1989), and Washington (B. tridentatus, Pollock 1989); along the Atlantic Coast from 
Massachusetts (B. pennaki, Marcus 1946; Pollock 1970a, b; B. mirus, B. bullacaudatus, B. 
dicrocercus, Pollock 1970a,b), New York (B. mirus, B. pennaki, Martinez 1975), Virginia (B. mirus, 
B. bullacaudatus, McGinty and Higgins 1968), and North Carolina (B. mirus, Hay 1917; Lindgren 
1971; Gaugler unpublished; B. bullacaudatus, Lindgren, 1971) and the Gulf of Mexico from Alabama 
(B. mirus and B. friaufi, Gaugler and Nelson 1997) and Florida (B. mirus, King 1962; McKirdy 
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1975; B. friaufi, Riggin 1962; McKirdy 1975; B. pennaki, B. bullacaudatus, B. dicrocerus, B. 
tubernatis, McKirdy 1975). 
In South Carolina, the areas surrounding Huntington Beach State Park, SC have been sites of 
coastal ecosystem studies since 1969 because of the work at Baruch Marine Field Laboratory 
(BMFL).  Currently, 74 projects are being conducted through BMFL and other agencies including the 
National Science Foundation, Environmental Protection Agency, National Oceanic and Atmospheric 
Administration, and the University of South Carolina.  One area of research has been long-term 
monitoring of the environmental parameters and biological components at BMFL. 
To the southwest of Huntington Beach is an underdeveloped high salinity estuary that consists of 
a series of barrier islands, intertidal salt marshes, and coastal forest habitats.  At North Inlet, long-term 
monitoring has been conducted on meiofauna and macrofauna (since 1972), water chemistry (since 
1976), settlement patterns of the eastern oyster (since 1982), microbial food web studies, and ecology 
of marsh grass, Spartina alterniflora. 
Murrells Inlet is to the northeast of Huntington Beach.  The inlet has no riverine input and the 
only fresh water is the result of rainfall and runoffs.  The estuary, with a bar-built inlet, is characterized 
by vertically homogeneous high-salinity water.  It is a study site for determining the impacts of 
anthropogenic and physiographic influences on a small, high salinity estuary.  Coull et al. (1983) 
collected temporary (organisms that spend part of their life cycle) and permanent (organisms that spend 
their entire life cycle) meiofauna from 4 algal species on the 30-month-old man-made jetty.  The 
temporary meiofauna (mussel larvae and juvenile amphipods) were the dominant animals present, 
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representing 80.4% of the assemblage of individuals.  The permanent meiofauna (15.6% of 
assemblages) included harpacticoid copepods (~75% of permanent meiofauna) and nematodes (~25% 
of the permanent meiofauna).  Other taxa that were present included turbellarians, polychaetes, mites, 
and ostracods, but they were not numerically important.  Tardigrades were not reported in the study. 
These areas near Huntington Beach have received intense study.  However, the sandy beach at 
the state park has received little attention.  Knott et al. (1983) conducted a quantitative macrofauna 
study at intertidal and subtidal stations at Murrells Inlet and Huntington Beach.  They collected 
macrofauna seasonally from the sandy beaches and from the adjacent nearshore sediments.  Of the 223 
benthic macroinvertebrates identified, 205 were from the subtidal stations and 88 from the intertidal 
stations.  The 10 most abundant species represented 82% of the fauna. The subtidal stations were 
dominated by the polychaetes Spiophanes bombyx and Scolelepis squamata, the amphipods 
Protohaustorius deichmannae and Acanthohaustorius millsi, and the bivalve Tellina sp.  The 
intertidal stations were dominated by 3 species: Scolelepis squamata, a polychaete; Neohaustorius 
schmitzi, an amphipod; and Donax variabilis, a bivalve.  There was variation along the transects in 
species composition, faunal density, and species diversity.  Overall, this study differed from previous 
studies at sandy beach habitats because the subtidal and the intertidal stations were dominated by 
polychaetes rather than peracarid crustacean species in both number of species and number of 
individuals.  It is believed that the lower wave energy and the jetty contributed to this difference in 
species dominance. 
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The present study investigated the distribution of tardigrades along a tidal elevation transect and 
within vertical layers of the sandy beach at Huntington Beach State Park, SC. 
The research had 4 objectives: 
1) to determine the species of tardigrades present within the sand and the relative abundance 
 of each species; 
2)  to determine the distribution of each species at each tidal elevation (low-, mid-, and high-
 tide) and vertical depth (0 to 10, 10 to 20, 20 to 30, and 30 to 40 cm) within the sand; 
3) to determine whether there were statistically significant differences in the distribution of 
tardigrades among tidal elevations, vertical depths, and sampling seasons (3-way ANOVA); 
and 
4) to determine the relative abundance of other meiofaunal groups in the community and to 
 compare their abundances and distribution with those of tardigrades. 
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CHAPTER 2 
MATERIALS AND METHODS 
 
 
 
Description of Study Site 
The study site, Huntington Beach, is located at Huntington Beach State Park, South Carolina 
(Figure 1).  Situated in the upper third of the South Carolina coastline between Murrells Inlet to the 
northeast and North Inlet to the southwest, the 3.5 mile long beach is relatively undisturbed by humans 
and is bordered by a maritime forest in the dune system.  Access to the beach is only by foot on a 
boardwalk. 
The area's salinity is 31.8 - 35.4 ppt, and water temperature ranges from 6.0 - 28.7oC (Knott 
et al. 1983).  A 1080 m, man-made concrete jetty is the northern-most boundary of the beach.  Beach 
sediment is characterized by medium to fine quartz sand with shell fragments (Calder and Knott 1978).  
The intertidal zone on Huntington Beach is approximately 55 m, and the wave exposure is moderate 
because of the shallow waters offshore and the jetty at Murrells Inlet (Knott et al. 1983).  Tides are 
semidiurnal and equal in magnitude. 
 
 
Sample Collection 
Field work was conducted on October 3-4, Fall 1997 and July 11, Summer 1998.  Meiofauna 
were collected during low tide at 3 stations: low-, mid-, and high-tide elevations.  The low-tide elevation 
was the area that demonstrated continuous wave action and corresponded to Dahl's (1952) upper 
  25
 
Figure 1.  Huntington Beach, South Carolina. 
Study Site 
Huntington 
State Park 
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boundary of the sublittoral fringe zone and the lower boundary of the midlittoral zone.  The mid-tide 
elevation consisted of exposed wet sand with pools of standing water and ripple marks.  This elevation 
corresponded to Dahl's (1952) midlittoral zone.  The high-tide elevation was characterized as being the 
area of exposed wet sand and exposed drying sand.  This elevation corresponded to Dahl's (1952) 
upper boundary of the midlittoral zone and the subterrestrial fringe zone. 
At each tidal elevation, a cut-away PVC corer was used to collect sand samples (Figure 2).  
The corer was 40 cm long and had an internal diameter of 10.2 cm.  At each elevation, 10 cores were 
collected.  After each core was driven to a depth of 40 cm by hand, the corer was removed from the 
substrate, laid horizontally, and opened.  Each core was divided into 4 samples (depths of 0 to 10, 10 
to 20, 20 to 30, and 30 to 40 cm increments).  Each sample, approximately 600 ml of sand, was placed 
in a labeled plastic bag, designated by a coded number, and returned to the laboratory for processing.  
The coded number identified the sample, e.g. 7L1-0, in which 7 (or 8) indicates year collected (1997 or 
1998); L (or M, H) indicates beach elevation; 1 (through 10) indicates core number; and 0 (or 1, 2, 3) 
indicates depth of sample.  Each subsequent core at each elevation was taken 1 m from the previous 
core.  During each sampling season, Fall 1997 and Summer 1998, 120 samples were collected for a 
total of 240 infauna samples. 
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Figure 2.  Photo of PVC Corer 
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Sample Processing 
 
 
Samples were processed in the laboratory using the methods of Kristensen and Higgins (1984, 
1989) to extract the fauna from the sand grains.  A short freshwater bath for 10-20 seconds induced 
osmotic shock in the fauna forcing their release of the sand grains and suspending them in the liquid.  
The supernatant was decanted onto a 38 mm sieve.  Each sample was processed in a freshwater bath 3 
times.  All residue retained on the sieve was washed into a labeled baby food jar, and the fauna were 
preserved in 10% buffered formalin with rose bengal stain added to facilitate subsequent sorting and 
identification. 
In the laboratory, each sample was washed onto a 38 mm sieve using freshwater to remove the 
buffered formalin and any additional rose bengal stain.  Samples were searched at 25x under a Wild 
dissecting microscope, and all tardigrades were removed with an Irwin loop and mounted on a 
microscope slide.  Samples were searched for tardigrades until the entire sample was searched without 
yielding additional specimens. 
After the sample was initially searched for tardigrades, the remaining infauna were subsampled 
as described by Sherman et al. (1984).  An area, 25% of the dish, was subsampled.  All infauna 
retained within randomly distributed squares or on the borders of the squares were removed with a 
pipette and washed into a separate petri dish.  All fauna observed were counted and identified to the 
lowest classification taxon based upon morphological characters, as described by Higgins and Thiel 
(1988).  Total fauna from each subsample were determined by counting the fauna 3 times, determining 
the subsample's mean, and multiplying by a factor of 4. 
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Species Identification 
 
 
Each tardigrade was mounted in glycerin on a microscope slide and was covered with an 18 
mm circular coverslip supported with clay pedestals to prevent crushing the specimen.  The coverslip 
was sealed with a ring of epoxy paint after the glycerin dried. 
Tardigrades were identified to species under an Olympus BH-2 phase contrast/DIC 
microscope.  Identification was based upon morphological characters including cephalic appendages, 
type and number of digits, presence/absence of body spines, presence/absence of leg spines, and the 
type of caudal appendages present.  The tardigrades collected at Huntington Beach were compared to 
the works of Ramazzotti and Maucci (1983), Pollock (1970a, b; 1976), and McKirdy (1975).  Figure 
3 represents Pollock's (1976) schematic drawing of a tardigrade. 
 
Data Analysis 
To analyze the distribution patterns of the taxa, the number of individuals of each taxon collected 
from each sample was determined.  The data for each taxon were statistically analyzed with a three-way 
ANOVA to compare the number of individuals present during each season in relation to depth and tidal 
elevation. 
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Figure 3.  Schematic Drawing of Tardigrade (Pollock 1976) 
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CHAPTER 3 
RESULTS 
 
 
 
Sand samples from Huntington Beach, South Carolina contained a total of 11 tardigrade species 
from 5 genera in the class Heterotardigrada (Table 1).  Of the 326 specimens mounted, a total of 301 
were identified to species.  These include:  Batillipes bullacaudatus McGinty and Higgins, 1968; 
Batillipes carnonensis Fize, 1957; Batillipes cf. dicrocercus Pollock 1971; Batillipes littoralis 
Renaud-Debyser, 1959; Batillipes mirus Richters, 1909; Batillipes cf. noerrevangi Kristensen 1978, 
Batillipes pennaki Marcus, 1946; Batillipes roscoffensis Kristensen, 1978; Halechiniscus greveni 
Renaud-Mornant and Deroux, 1976; Orzeliscus belopus Bois-Reymond 1952; and Stygarctus 
bradypus Schultz, 1951.  The remaining 25 individuals were identified only to genus.  These were not 
identified to species, either because they may be new to science (6 Batillipes sp. and 1 Paradoxipus 
sp.) or because morphological characters were not discernible due to the condition or position of the 
mounted specimen.  Because of the high intraspecific morphological variations in marine tardigrades, a 
description of each species is given. 
 
Species Descriptions 
Batillipes bullacaudatus McGinty and Higgins, 1968.  (Figure 4) 
Description.  The cuticle is colorless and has a uniform granular pattern.  The cephalic 
appendages are: unpaired median cirrus without base; paired internal cirri on base; paired external cirri 
inserted on cephalic papillae; paired clavae, short, robust and unconstricted; and lateral cirri A, paired,
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Table 1.  Number of Individuals of Tardigrade Species Collected at Huntington Beach, SC 
 
 
 
Fall 1997 
 
Summer 1998 
 
 
 
Tidal elevation 
 
Low- 
 
Mid- 
 
High- 
 
Low- 
 
Mid- 
 
High- 
 
Total 
 
Batillipes 
bullacaudatus 
 
 
 
 
 
11 (5) 
 
1 (1) 
 
 
 
60 (14) 
 
72 (20) 
 
B. carnonensis 
 
 
 
 
 
 
 
44 (15) 
 
7 (7) 
 
 
 
51 (22) 
 
B. cf. dicrocercus 
 
 
 
 
 
1 (1) 
 
 
 
 
 
 
 
1 (1) 
 
B. littoralis 
 
1 (1) 
 
 
 
1 (1) 
 
 
 
 
 
 
 
2 (2) 
 
B. mirus 
 
40 (14) 
 
34 (11) 
 
31 (5) 
 
2 (2) 
 
1 (1) 
 
 
 
108 (33) 
 
B. cf. noerrevangi 
 
2 (1) 
 
 
 
 
 
 
 
 
 
 
 
2 (1) 
 
B. pennaki 
 
 
 
 
 
 
 
34 (19) 
 
2 (2) 
 
 
 
36 (21) 
 
B. roscoffensis 
 
 
 
 
 
1 (1) 
 
3 (2) 
 
 
 
 
 
4 (3) 
 
Batillipes sp.  A 
 
 
 
1 (1) 
 
 
 
3 (3) 
 
 
 
 
 
4 (4) 
 
Batillipes  sp. B 
 
1 (1) 
 
 
 
 
 
 
 
 
 
 
 
1 (1) 
 
Batillipes sp.  C 
 
 
 
1 (1) 
 
 
 
 
 
 
 
 
 
1 (1) 
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Table 1 (continued) 
 
  
Batillipes sp.  D 
 
 
 
1 (1) 
 
 
 
 
 
 
 
 
 
1 (1) 
 
Batillipes sp.  E 
 
 
 
 
 
 
 
 
 
2 (2) 
 
 
 
2 (2) 
 
Batillipes sp.  F 
 
 
 
 
 
 
 
1 (1) 
 
 
 
 
 
1 (1) 
 
Halechiniscus 
greveni 
 
 
 
 
 
 
 
1 (1) 
 
 
 
 
 
1 (1) 
 
Orzeliscus belopus 
 
 
 
 
 
 
 
1 (1) 
 
 
 
 
 
1 (1) 
 
Paradoxipus sp. 
 
 
 
 
 
 
 
15 (10) 
 
 
 
 
 
15 (10) 
 
Stygarctus 
bradypus 
 
 
 
 
 
23 (5) 
 
 
 
 
 
 
 
23 (5) 
 
     (#)= number of positive samples        
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Figure 4.  Batillipes bullacaudatus 
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long and thin.  The median, internal, and lateral cirri are notched at the distal end.  The head is limited by 
a constriction posterior to the lateral cirri.  Between legs III-IV, 2 lateral wing-shaped pointed 
projections and a long spine posterior to each of the projections are present.  Legs I, II, and III have 
short spines and leg IV has a long notched spine extending past the digits.  Each telescopic leg 
terminates with 6 disk-shaped digits of various lengths.  The caudal appendage is long and possesses a 
hollow membranous sac.  A total of 72 individuals was identified from the samples. 
Discussion.  This species has been collected on the east coast of the United States at Sandy 
Point Virginia (type locality); Woods Hole, Massachusetts; North Carolina; Florida; and Scotland 
(McGinty and Higgins 1968, Pollock 1970a, Lindgren 1971, Pollock 1971, McKirdy 1975).  
Specimens have been collected in medium to coarse beach sand at depths 0 to 20 cm at the mid- to 
high-tide line.  Specimens collected at Huntington Beach demonstrated the morphological variation of 
the caudal appendage being present or absent, which has also been observed in populations from other 
localities (Pollock, personal communication). 
 
Batillipes carnonensis Fize, 1957 (Figure 5) 
Description.  The cuticle possesses light streaks visible on the body adjacent to the legs and on 
the rostral margin.  The cephalic appendages are:  median cirrus, unpaired and slender; internal cirri, 
paired and inserted on a base; external cirri, paired, very short, and curved towards the internal cirri; 
clavae, paired and club-shaped; lateral cirri A, paired and bristle-shaped.  Along the body margin there 
are slight undulations with the first undulation being the most evident.  Between legs III and IV is a 
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Figure 5.  Batillipes carnonensis 
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 lateral process bearing a thin bristle.  Each telescopic leg terminates with 6 digits of various length.  The 
first 3 legs bear a short spine and leg IV possesses a long robust spine reaching the distal end of the 
digits.  The caudal region has a long median spine that extends past the leg digits and is inserted on a 
base.  A total of 51 individuals was identified. 
Discussion.  The species has been previously collected on a sandy beach at Carnon, France at a 
depth of 0.5-1.0 m (Fize 1957).  The specimens at Huntington Beach did not show the light streaking 
on the cuticle but the remaining morphological characteristics matched those described on specimens 
collected by Fize (1957). 
 
Batillipes cf. dicrocercus Pollock, 1970b (Figure 6) 
Description.  The cuticle is transparent with uniformly arranged pores.  There are undulations of 
the cuticle between each pair of legs, with the one between legs III and IV being largest.  The cephalic 
appendages are: median cirrus, unpaired and inserted on a base; internal cirri, paired; external cirri, 
paired and inserted on a base; lateral cirri A, paired; clavae, paired and on common base with lateral 
cirri A.  Legs I, II, and III bear a thin spine and leg IV bears the longest spines.  Each telescopic leg 
terminates with 6 shovel-shaped digits of various lengths.  Cirrus E is present.  The caudal appendage is 
branched into 2 spikes with each being equal in length and both inserted on a swollen base.  Only 1 
specimen was collected. 
Discussion.  The species differs from Pollock's original description by not possessing such a 
prominent undulation between legs III and IV and the caudal appendage being thinner and straight.   
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Figure 6.  Batillipes cf. dicrocercus 
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The type specimen was collected at Crane's Beach, Massachusetts, on the lower half of the intertidal 
beach at a depth of 5-20 cm during the spring collections (Pollock 1970a). 
 
Batillipes littoralis Renaud-Debyser, 1959 (Figure 7) 
Description.  The cuticle is striated and has lateral projections between each pair of legs.  The 
cephalic appendages are: median cirrus, unpaired; internal cirri, paired and longer than the median 
cirrus; external cirri, paired and inserted on a base; clavae, paired; cephalic papillae, paired; and lateral 
cirri A, paired.  The external cirri, lateral cirri A, and clavae are inserted on a common base but not on a 
common peduncle.  Each leg bears a thin spine with the spine on leg IV being longest and bearing a 
short spur at the basal margin of the leg.  The legs terminate with 6 shovel-like digits.  Cirrus E is located 
dorsolaterally on the body.  The caudal spike is tripartite.  Only 2 specimens were collected. 
Discussion.  The species differed from the original description by Renaud-Debyser by 
possessing cephalic papillae.  The type specimen was collected at the Gulf of Guascogna at depths to 
80 cm in the sediments (Renaud-Debyser 1959). 
 
Batillipes mirus Richters, 1909.  (Figure 8) 
Description.  The cuticle is colorless and smooth with poor visible external segmentation.  The 
cephalic appendages are: median cirrus unpaired; internal cirri paired; external medial cirri paired; 
cephalic papillae paired; lateral cirri A paired; and clavae, paired and unconstricted.  Each appendage is 
inserted on a base.  Body appendages between legs III-IV include 2 lateral projections and a lateral 
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Figure 7.  Batillipes littoralis 
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Figure 8.  Batillipes mirus 
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marginal spine located near the base of the lateral bristle.  The single sharp caudal appendage is inserted 
directly into the body.  Each telescopically retractile leg terminates with 6 club-shaped digits with 1 digit 
being short.  A total of 108 individuals was collected from the sand samples. 
Discussion.  This is the type for the genus which remained monotypic for 37 years until B. 
pennaki was described by Marcus in 1946.  This species has been collected at sandy beaches to 
depths of 6 m.  Collections in the United States include:  Beaufort and Cape Hatteras, North Carolina; 
Sandy Point, Virginia; Woods Hole, Massachusetts; Dauphin Island, Alabama; New York City, New 
York; and Meares Point, Oregon (Hay 1917; King 1962; McGinty and Higgins 1968; Pollock 1970a, 
1989; Lindgren 1971; Martinez 1975; McKirdy 1975; Gaugler and Nelson 1997).  It has also been 
been collected throughout Europe including Kieler Forde, Germany (type locality), French and Spanish 
coasts of the Atlantic, Italian coast of Tirreno, Gulf of Leone, and Livorno Province on the Black Sea 
(Ramazzotti and Maucci 1983).   It has been regarded as the most widely distributed Batillipes species, 
but McKirdy (1975) questioned the early works describing B. mirus because of the reported high 
morphological variation within the species. 
 
Batillipes cf. noerrevangi Kristensen, 1978 (Figure 9) 
Description.  The cephalic appendages are: median cirrus, unpaired and with base; internal cirri, 
paired and with base; external cirri, paired and without base; lateral cirri, paired; clavae, paired and 
arising from the base of the lateral cirrus.  A lateral projection is present between legs III and IV.  Cirri 
E is present and sculptured.  Leg spines are distal on each leg. Pseudopapilla is present on distal 
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Figure 9.  Batillipes cf. noerrvangi 
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 margin of each leg.  Only 2 specimens from a single sample were collected. 
Discussion.  The species differed from Kristensen’s original description by having a much 
shorter spine on leg I and by the cirrus E being located just posterior to leg III rather than anterior to leg 
IV.  The type specimen was collected at Nivå Bay and Julebæk, Denmark (Kristensen 1978). 
 
Batillipes pennaki Marcus, 1946 (Figure 10) 
Description.  The cuticle is transparent with fine granulation.  The cephalic appendages are all 
inserted on a base: median cirrus, unpaired and short; internal cirri, paired and long; external cirri, paired 
and long; lateral cirri A, paired, bristle-shaped, and inserted on same base as clava; clavae, paired and 
constricted with the basal part wider.  The cephalic papillae are absent.  Somatic appendages between 
legs III and IV include a large dorso-caudal spine and a posterior lateral lobe on each side.  The caudal 
appendage is long, sharp, and inserted on a cylindrical base.  All legs bear a short spine.  A total of 36 
specimens was collected. 
Discussion.  This species has been collected in Massachusetts; Florida; Bermuda; Rio de 
Janeiro and Santos, Brazil; France; Tarragona (cala Romana) and Apulian coast, Italy (Ramazzotti and 
Maucci 1983). 
 
Batillipes roscoffensis Kristensen, 1978 (Figure 11) 
Description.  The cuticle is transparent with irregular pores.  The cephalic appendages are: 
median cirrus, unpaired; internal cirri, paired; external cirri, paired; lateral cirri A, paired and  
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Figure 10.  Batillipes pennaki 
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Figure 11.  Batillipes roscoffensis 
 
  47 
 
equal to or greater than 50% of body length; clavae, paired and rod-shaped; and cephalic papillae, 
paired.  The body has 3 lateral projections with the 3rd wing-shaped and located between legs III and 
IV.  Each leg possesses a spine with the 4th being robust.  The caudal appendage is absent.  Only 3 
specimens were collected. 
Discussion.  The species differed from Kristensen's original description by not possessing the 
coarse granulation in the cuticle.  Kristensen (1978) collected this species associated with the sea 
cucumber, Leptosynapta galliennei, from D'Aber de Roscoff, France.  This is the first collection from 
the interstitial environment in the United States. 
 
Halechiniscus greveni Renaud-Mornant and Deroux, 1976 (Figure 12) 
Description.  The head is rounded and elongated into 2 lateral conical lobes.  The cephalic 
appendages are: median cirrus, unpaired; internal cirri, external cirri, lateral cirri A, and clavae are 
paired.  Each cephalic cirrus is inserted on a base and divided into 3 sections: a widened basal section 
with a sheath, a middle section, and a distal section becoming thinner.  Each telescopic leg terminates 
with 4 simple sickle-shaped claws of equal length.  On legs I, II, and III cirri are present,  increasing in 
length.  Leg IV possesses an elongated papilla and cirri E are present above the legs.  Only 2 specimens 
were collected. 
Discussion.  The species differed from the original description by possessing simple claws of 
equal length rather than the 2 internal claws being shorter than the distal claws and lacking a distal spur. 
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Figure 12.  Halechiniscus greveni 
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The species was first collected in a sink at the Biological Station of Roscoff (Renaud-Mornant and 
Deroux 1976).  It has also been collected in the intertidal zone on vesicular Fucus (brown algae) from a 
midlittoral rock pool by Kristensen (1981) at St. Pol-de-Leon, France.  The Mediterranean specimens 
were collected in sublittoral mixed environments and "Amphioxus" gravel at Congresco Island, 
Chafarinas Archipelago (western Mediterranean, North Africa).  Other localities include: Ionian Sea 
(D'Addabbo Gallo et al. 1987; Grimaldi de Zio and D'Addabbo Gallo, 1987), Tyrrhenian Sea 
(D'Addabbo Gallo et al. 1989), and Gulf of Valencia, Spain (Villora-Moreno, unpublished materials). 
 
Orzeliscus belopus Bois-Reymond, 1952 (Figure 13) 
Description.  The cuticle is granulated.  The cephalic appendages are: median cirrus, unpaired; 
internal cirri, paired and inserted on the rostral margin; external cirri, paired; lateral cirri A, paired; 
clavae, paired and the basal part thicker; cephalic papillae, paired and inserted between internal and 
external cirri.  Each cirrus terminates with a thread-like extension.  Legs I, II, and III possess a slender 
spine and leg IV has a papilla inserted anteriorly.  Each leg is divided into 3 sections with the distal 
section bearing 4 spatula-shaped digits.  Only 1 individual was collected. 
Discussion.  The species has been collected at Bermuda; Sao Paulo, Brazil; France; New 
Caledonia; Scotland; Santa Cruz Island and San Cristobal Island, Galapagos Islands, Equador 
(Ramazzotti and Maucci 1983).  Intraspecific variation has been noted between the Galapagos Islands 
specimens and those collected in Brazil including less swollen clavae, intermediate body shape, lateral 
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Figure 13.  Orzeliscus belopus 
  51 
 
 projection between legs III and IV, and a thread-like extension of the cephalic cirri (Pollock 1982). 
 
Batillipes Sp. A  (Figure 14) 
Description.  The cuticle is smooth with irregular pores.  The cephalic appendages are: median 
cirrus, unpaired; internal cirri, paired, long and thin; external cirri, paired; lateral cirri A, paired and long; 
clavae, constricted and robust.  Each leg terminates with 6 shovel-like digits of various lengths.  The legs 
each possess a long, thin spine with the spine on leg II the longest.  Cirrus E is present.  The single sharp 
caudal spike is inserted on a base through a membrane that originates from the body rather than the 
caudal appendage. 
Discussion.  Only 4 individuals were collected at the low- and mid-elevation from the July 1998 
samples.  The species is similar to Batillipes annulatus de Zio, 1963 by the second digit being sessile 
and lacking a peduncle, possessing constricted clavae, and a single sharp spike.  However, this species 
differs from B. annulatus by having the longest leg spike is on leg II rather than on leg IV and by 
lacking the 2 dorsolateral hook-shaped conical processes between legs III and IV.  This species is also 
similar to B. pennaki with constricted clavae and a single caudal spike inserted on a base but without 
the 2 dorsocaudal spikes above legs IV. 
 
  52 
 
 
 
 
 
 
 
Figure 14.  Batillipes Sp. A 
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Batillipes Sp. B (Figure 15) 
Description.   The cuticle is smooth with small irregular pores.  The cephalic appendages are: 
median cirrus, unpaired; internal cirri, paired and inserted on a base, external cirri, paired; clavae, paired 
and robust; and lateral cirri A, paired and long.  Pseudopapillae are present.  Each leg bears a spine 
with the largest on legs IV.  Also present is cirrus E.  There are 2 undulations between legs I-II and legs 
II-III.  The caudal region is smooth, rounded, and no caudal appendage is present. 
Discussion.  This species is similar to Batillipes acaudatus Pollock 1971; however, the 
cephalic appendages are much longer in the Huntington Beach specimen.  Only 1 specimen was 
collected at the low-elevation at a depth of 0 to 10 cm. 
 
Batillipes Sp. C (Figure 16) 
Description.  The cuticle is smooth with large granules.  The cephalic appendages are: median 
cirrus, unpaired; internal cirri, paired and longer than the median cirrus; external cirri, paired; clavae, 
paired and long; later cirri A, paired.  Cirrifores are present.  Cirrus E is present.  The single sharp 
caudal appendage is inserted into a base. 
Discussion.  Only 1 specimen was collected from the October 1997 samples at a depth of 20 to 
30 cm.  This specimen is similar to Batillipes adriaticus Grimaldi de Zio, D'Addabbo Gallo, Morone 
de Lucia, Vaccarella and Grimaldi, 1982, but this specimen did not possess cuticular ornamentation nor 
were there lateral processes between the 3rd and 4th pair of legs.  Also present are cirrifores on the 
cephalic region.  This specimen also differed from B. carnonensis because it did not show light streaks 
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Figure 15.  Batillipes Sp. B 
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Figure 16.  Batillipes Sp. C 
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on the cuticle, the external cirri did not curve toward the internal cirri, and caudal spike did not extend to 
the distal end of the digits. 
 
Batillipes Sp. D (Figure 17) 
Description.  The cuticle is smooth with regular pores.  The cephalic appendages are: median 
cirrus, unpaired, no base; internal cirri, paired with base; external cirri, paired; clavae IV.  Cirri E is 
present and sculptured.  Leg spines are distal on each leg constriction between the lateral cirri A and 
legs I.  Each leg has 6 shovel-like digits of various lengths.  Each telescopic leg also possesses a short 
spine with the spine on leg IV the longest but not extending past the digits.  The caudal region does not 
possess an appendage. 
Discussion.  Only 1 specimen was collected from a depth of 30-40 cm at the mid-elevation.  
This specimen is similar to B. bullacaudatus; however, the spine on leg IV does not extend past the 
digits as observed in the former species. 
 
Batillipes Sp. E (Figure 18) 
Description. The cuticle is smooth with regular pores.  The cephalic appendages are: median 
cirrus, unpaired, no base; internal cirri, paired with base; external cirri, paired; clavae paired; lateral cirri 
A, paired and on same base as clavae.  Each leg terminates with 6 shovel-like digits of various lengths.  
Spine on leg I is long and thin.  The caudal region had a swollen membrane with a single sharp spike 
inserted directly through the membrane into the body. 
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Figure 17.  Batillipes Sp. D 
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Figure 18.  Batillipes Sp. E 
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Discussion.  Only 2 specimens were collected from the mid-elevation.  These specimens 
differed from described species because of the bulbous sac located on the body rather than at the distal 
end of the caudal spike as observed in B. bullacaudatus.  Also the distal end of the caudal spike was 
sharp and pointed. 
 
Batillipes Sp. F (Figure 19) 
Description.  The cuticle is smooth with regular pores.  The cephalic appendages are: median 
cirrus, unpaired; internal cirri, paired and long; external cirri, paired and very short; clavae, paired, 
robust, short, and inserted on a base; lateral cirri A, long and thin inserted on a common base with the 
clavae.  Each leg terminates with 4 shovel-like digits of various length.  Each leg possesses a thin spike.  
No caudal appendage is present. 
Discussion.  Only 1 specimen was collected from the low-elevation in July 1998.  The specimen 
was collected at a depth of 0 to 10 cm.  It is believed that this specimen is a juvenile because only 4 
toes were seen on the legs IV. 
 
Paradoxipus Sp. (Figure 20) 
Description.  The cuticle is transparent with fine pores.  The head is partially delimited from the 
body.  Except for the unpaired median cirrus, all other cephalic appendages are paired:  internal cirri, 
external cirri, lateral cirri A, and clavae.  Each appendage possesses a flagellum with a thicker proximal 
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Figure 19.  Batillipes Sp. F 
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Figure 20.  Paradoxipus Sp. 
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section and a thinner distal section that is inserted into the scapus.  Cirrus E is present.  Each telescopic 
leg consists of 4 sections: coxa, femur, tibia, and tarsus.  The leg papillae are located on the coxa.  On 
each tarsus are 4 toe digits that possess discs and claws.  A total of 15 specimens was collected. 
Discussion.  The specimens closely resemble P. orzeliscoides that was first collected at Ft. 
Pierce, Florida, at a water depth of 15 m in the channel by Kristensen and Higgins (1989).  As with the 
Florida specimens, adults and juveniles were present in South Carolina based upon of the mounting 
process. 
 
Stygarctus bradypus Schultz, 1951 (Figure 21) 
Description.  The body is divided into 5 segments and covered with hook-like plates extending 
to the bases of the legs.  These include a dorsal cephalic plate, 3 dorsal unpaired plates, and a caudal 
plate with each dorsal plate possessing a flared lateral edge.  At the posterior margin of dorsal plate II 
are 2 spines that turn transversely toward the lateral margin.  The caudal plate bears a bifid spike caudal 
appendage that extends to the digits.  The cephalic appendages are: median cirrus, unpaired and short; 
internal cirri, paired and inserted on a base; external cirri, paired and inserted on a base; lateral cirri A, 
paired; clavae, paired, short and club-shaped; and cephalic papillae, paired and inserted next to the 
buccal aperture.  Each of the 6 telescopically retractile legs terminates with 4 claws (without spurs), with 
the internal claws each bearing a long filamentous bristle.  The 4th pair of legs is the longest.  A total of 
23 specimens was collected. 
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Figure 21.  Stygarctus bradypus 
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Discussion.  The species was first collected in the littoral zone at a depths of 20 to 30 and 60 
cm at a sandy beach at List (North Sea) and Eyrac (Gulf of Guascogna) and a depth of 20 to 30 cm 
(Schultz 1951).  It has also been collected at Rey Francisco Island, North Africa (Ramazzotti and 
Maucci 1983).  Collections in the United States are from beaches in Virginia and Massachusetts 
(Pollock 1989).  According to Lindgren (1971) and Pollock (1989), S. bradypus is considered to be a 
circumglobal species because it has been collected from the Pacific, Atlantic, and Indian Oceans and the 
Mediterranean Sea. 
 
Marine Meiofauna 
Table 2 lists the marine meiofauna identified from sand samples collected at Huntington Beach, 
SC.  A total of 18 taxa representing an estimated 330,038 specimens was collected during the study.  
The dominant taxon was Nematoda, representing 76.0% of the community.  Nematodes were dominant 
at each elevation during each sampling year with a maximum number of individuals collected at the 
Summer 1998 high-elevation.  The second most abundant taxon was Copepoda, representing 16.9% of 
the community.  The maximum number of individuals collected was at the Summer high-elevation.  Only 
2 other taxa (Oligochaeta and Sarcomastigophora) comprised greater than 1.0% of the community. 
 
Raw Data of Meiofauna Community 
Tables 12 - 17 list the total counts for all taxa from each sampling season and each elevation.
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Table 2.  Number of Individuals in Each Taxon Collected at Huntington Beach, SC. 
 
 
 
 Fall 1997 
 
 Summer 1998 
 
 
 
Elevation 
 
Low- 
 
Mid- 
 
High- 
 
Low- 
 
Mid- 
 
High- 
 
Total 
 
TAXA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Amphipoda 
 
12 
 
 
 
 
 
151 
 
12 
 
 
 
175 
 
Bivalvia 
 
 
 
 
 
 
 
42 
 
21 
 
 
 
63 
 
Copepoda 
 
393 
 
147 
 
14843 
 
2611 
 
680 
 
37208 
 
55882 
 
Crustacea 
 
59 
 
44 
 
60 
 
31 
 
156 
 
644 
 
994 
 
Gastropoda 
 
 
 
 
 
 
 
8 
 
6 
 
4 
 
18 
 
Gastrotricha 
 
 
 
20 
 
20 
 
444 
 
390 
 
209 
 
1083 
 
Halacaroidea 
 
4 
 
 
 
21 
 
11 
 
12 
 
1659 
 
1707 
 
Insecta 
 
 
 
 
 
4 
 
 
 
 
 
 
 
4 
 
Kinorhyncha 
 
 
 
1 
 
24 
 
 
 
 
 
7 
 
32 
 
Loricifera 
 
4 
 
 
 
6 
 
4 
 
144 
 
 
 
158 
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Table 2  (continued) 
 
 
Mystacocarida 
 
 
 
 
 
 
 
 
 
 
 
1643 
 
1643 
 
Nematoda 
 
8763 
 
5590 
 
50110 
 
47120 
 
27086 
 
112207 
 
250876 
 
Oligochaeta 
 
90 
 
23 
 
45 
 
70 
 
1583 
 
7278 
 
9089 
 
Ostracoda 
 
3 
 
 
 
2 
 
15 
 
17 
 
21 
 
58 
 
Polychaeta 
 
357 
 
292 
 
48 
 
364 
 
40 
 
 
 
1101 
 
Sacromastigophora 
 
76 
 
44 
 
140 
 
840 
 
934 
 
2762 
 
4796 
 
Tardigrada 
 
44 
 
37 
 
68 
 
104 
 
13 
 
60 
 
326 
 
Turbellaria 
 
44 
 
50 
 
319 
 
364 
 
101 
 
1153 
 
2031 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total 
 
9850 
 
6246 
 
65711 
 
52179 
 
31195 
 
164857 
 
330338 
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Table 12 lists the taxa collected at the low-elevation in Fall 1997.  A total of 12 taxa were 
identified with 9,850 individuals.  The dominant taxon, Nematoda, represented 89.0% of the meiofauna 
population.  Tardigrades were collected in 14 samples with 44 specimens.  Positive samples contained 
1-11 individuals per sample (mean = 3.14).  Batillipes mirus had the highest total number of individuals 
present and 2 other tardigrade species were collected. 
Table 13 lists the taxa collected at mid-elevation in Fall 1997.  A total of 10 taxa was collected 
with 6,246 individuals.  The dominant taxon, Nematoda, represented 89.5% of the population.  
Tardigrades were collected in 11 samples with 36 specimens.  Positive samples contained 1-6 
individuals per sample (mean = 3.27).  Batillipes mirus had the highest number of individuals.  Two 
other tardigrade species were collected. 
Table 14 lists the taxa collected at the high-elevation in Fall 1997.  A total of 14 taxa was 
collected with 65,711 specimens.  Nematoda represented 76.3% of the population and Copepoda 
represented 22.6% of the population.  Tardigrades were collected in 16 samples containing 68 
specimens.  Positive samples contained 1-9 individuals per sample (mean = 4.25).  Batillipes mirus 
had the highest number of individuals followed by Stygarctus bradypus  and Batillipes bullacaudatus.  
The other 3 species had low numbers of individuals. 
Table 15 lists the taxa collected at the low-elevation in Summer 1998.  A total of 15 taxa was 
collected with 52,179 specimens.  Nematoda represented 90.3% of the population and Copepoda 
represented 5.0% of the population.  Tardigrades were collected in 29 samples containing 104 
specimens.  Positive samples contained 1-14 individuals per sample (mean = 3.59).  Batillipes 
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carnonensis was represented by the highest number of individuals followed by Batillipes roscoffensis 
and Paradoxipus sp.  The 6 other tardigrade species had low numbers of individuals. 
Table 16 lists the taxa collected at the mid-elevation in Summer 1998.  A total of 15 taxa was 
collected with 31,195 specimens.  Nematoda represented 86.8% of the population and Oligochaeta 
represented 5.1% of the population.  Tardigrades were collected in 9 samples containing 13 specimens.  
Positive samples contained 1-4 individuals per sample (mean = 1.44).  Batillipes carnonensis was 
represented by the highest number of individuals.  The 4 other tardigrade species had low numbers of 
individuals. 
Table 17 lists the taxa collected at the high-elevation in Summer 1998.  A total of 13 taxa was 
collected with 164,857 specimens.  Nematoda represented 68.1% of the population, Copepoda 
represented 22.1% of the population, and Oligocheata represented 4.4% of the population.  
Tardigrades were collected in 14 samples containing 60 specimens.  Positive samples ranged from 1-13 
individuals (mean = 4.28).  All specimens were Batillipes bullacaudatus. 
Overall, the community was dominated by the Nematoda with 250,876 specimens.  They were 
collected in each of the 240 samples and the number of individuals per positive sample ranged from 28 - 
12,457 (mean = 1045.32).  The 2nd most abundant taxon was Copepoda with 55,882 specimens.  
They were collected in 139 samples (57.9%) and the number of individuals ranged from 1 - 11,025 per 
positive sample (mean = 402.03).  In the Tardigrada, B. mirus was the species with the highest total 
number of individuals followed by B. bullacaudatus and B. carnonensis. 
 
  69 
 
Analysis of Sample Variance 
To determine if there was a significant difference in the distribution of tardigrades and each 
dominant taxon in relation to season, elevation, and depth, sample data were subjected to a three-way 
analysis of variance (ANOVA).  The data are summarized in Tables 3-11. 
Analysis of meiofauna community distribution patterns showed that a significant difference 
(p<0.0001) was present in relation to season, elevation, and depth (Table 3).  The number of meiofauna 
collected from the Summer 1998 samples was significantly higher than the number collected from the 
Fall 1997 samples (mean = 2068.6 vs. 681.7).  This difference is the result of an increase in the number 
of organisms from the 7 most abundant taxa, especially Nematoda, Copepoda, and Oligochaeta.  There 
was also a significant difference between beach elevations.  During each collecting season, the high-
elevation (mean = 2882.1 individuals) had the greatest number of organisms collected (69.8% of the 
community) and the mid-elevation (mean = 468.0 individuals) had the least (11.3% of the community).  
Once again, this is the result in the fluctuations of taxa composition and density.  The distribution of 
meiofauna in relation to depth was significantly different (p<0.0001).  As the sand depth increased the 
mean number of speciemens decreased from 2274.3 at the surface to 874.0 at the 30 to 40 cm depth.  
Of the dominant taxa only the Nematoda and Oligochaeta follow this pattern. 
Because of the significant difference in community distribution patterns, the 7 most abundant 
taxa and the Tardigrada were also analyzed to determine if a significant difference was present for each 
of the taxa.  The Tardigrada distribution pattern was significantly different (p= 0.0049) in relation to  
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Table 3.  Treatment Means and Analysis of Variance Comparing the Number of All Meiofauna During 
Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, High-) and at 4 
Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm) for the Community. 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
506.5 
 
220.0 
 
126.9 
 
129.6 
 
 
 
Mid- 
 
222.0 
 
143.0 
 
134.1 
 
125.5 
 
 
 
High- 
 
1745.6 
 
2037.1 
 
1790.1 
 
998.3 
 
Summer 1998 
 
Low- 
 
1861.5 
 
1203.4 
 
1091.8 
 
1061.2 
 
 
 
Mid- 
 
1583.8 
 
884.6 
 
279.4 
 
371.7 
 
 
 
High- 
 
7726.6 
 
3139.6 
 
3061.9 
 
2557.6 
 
Season Elevation Depth 
Fall 1997 681.7 Low- 775.4 0 to 10 cm 2274.3 
Summer 1998 2068.6 Mid- 468.0 10 to 20 1271.6 
  High- 2882.1 20 to 30  1080.7 
    30 to 40 874.0 
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Table 3 (continued) 
 
SOURCE 
OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
115403949.1 
 
1 
 
115403949.1 
 
41.52 
 
<0.0001 
 
Elevation 
 
276283343.3 
 
2 
 
138141671.7 
 
49.70 
 
<0.0001 
 
Depth 
 
69427118.9 
 
3 
 
23142373.0 
 
8.33 
 
<0.0001 
 
Model 
 
461114411.0 
 
6 
 
76852402.0 
 
27.65 
 
<0.0001 
 
Error 
 
647661105.0 
 
236 
 
2779661.0 
 
----------- 
 
------------- 
 
Total 
 
1108775516.0 
 
239 
 
-------------- 
 
----------- 
 
------------- 
 
  72 
 
Table 4.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Tardigrada During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, 
High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
2.6 
 
0.4 
 
0.8 
 
0.7 
 
 
 
Mid- 
 
----- 
 
0.3 
 
1.2 
 
2.0 
 
 
 
High- 
 
0.1 
 
2.1 
 
0.7 
 
4.0 
 
Summer 1998 
 
Low- 
 
4.6 
 
2.8 
 
2.8 
 
0.2 
 
 
 
Mid- 
 
0.4 
 
0.5 
 
0.1 
 
0.3 
 
 
 
High- 
 
0.2 
 
0.3 
 
3.1 
 
2.6 
 
Season Elevation Depth 
Fall 1997 1.2 Low- 1.9 0 to 10 cm 1.3 
Summer 1998 1.5 Mid- 0.6 10 to 20 1.1 
  High- 1.6 20 to 30  1.5 
    30 to 40 1.6 
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Table 4  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
3.75 
 
1 
 
3.75 
 
0.56 
 
0.4537 
 
Elevation 
 
72.558333 
 
2 
 
36.27917 
 
5.45 
 
0.0049 
 
Depth 
 
10.233333 
 
3 
 
3.411111 
 
0.51 
 
0.6741 
 
Model 
 
86.541667 
 
6 
 
14.42361 
 
2.17 
 
0.0471 
 
Error 
 
1551.1917 
 
236 
 
6.657475 
 
-------------- 
 
-------------- 
 
Total 
 
1637.7333 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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Table 5.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Nematoda During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations  
(Low-, Mid-, High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
239.7 
 
190.4 
 
109.1 
 
104.8 
 
 
 
Mid- 
 
197.5 
 
122.5 
 
193.4 
 
114.2 
 
 
 
High- 
 
1568.0 
 
1594.5 
 
1330.3 
 
518.2 
 
Summer 1998 
 
Low- 
 
1590.1 
 
1123.7 
 
1016.8 
 
981.4 
 
 
 
Mid- 
 
1331.3 
 
827.9 
 
238.2 
 
311.2 
 
 
 
High- 
 
5016.2 
 
2613.5 
 
1933.3 
 
1657.7 
 
Season Elevation Depth 
Fall 1997 537.2 Low- 698.5 0 to 10 cm 1695.8 
Summer 1998 1553.4 Mid- 408.4 10 to 20 1078.8 
  High- 2029.0 20 to 30  792.1 
    30 to 40 614.6 
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Table 5  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
61965843.7 
 
1 
 
61965844.0 
 
64.04 
 
<0.0001 
 
Elevation 
 
119473125.4 
 
2 
 
59736563.0 
 
61.75 
 
<0.0001 
 
Depth 
 
40438183.9 
 
3 
 
13479395.0 
 
13.93 
 
<0.0001 
 
Model 
 
221877153.0 
 
6 
 
36979526.0 
 
38.23 
 
<0.0001 
 
Error 
 
225388935.0 
 
236 
 
967334.5 
 
-------------- 
 
-------------- 
 
Total 
 
447266087.9 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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Table 6.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Copepoda During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, 
High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
9.0 
 
12.8 
 
2.2 
 
15.3 
 
 
 
Mid- 
 
1.1 
 
5.0 
 
4.3 
 
4.3 
 
 
 
High- 
 
424.1 
 
453.2 
 
162.5 
 
425.6 
 
Summer 1998 
 
Low- 
 
27.6 
 
35.5 
 
194.4 
 
22.5 
 
 
 
Mid- 
 
----- 
 
14.2 
 
51.7 
 
2.1 
 
 
 
High- 
 
718.5 
 
911.0 
 
2184.9 
 
193.5 
 
Season Elevation Depth 
Fall 1997 126.6 Low- 144.5 0 to 10 cm 196.7 
Summer 1998 331.4 Mid- 10.3 10 to 20 175.5 
  High- 636.8 20 to 30  433.3 
    30 to 40 110.6 
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Table 6  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
2516992.02 
 
1 
 
2516992.02 
 
3.90 
 
0.0495 
 
Elevation 
 
199991088.00 
 
2 
 
9995544.01 
 
15.48 
 
<0.0001 
 
Depth 
 
3581218.48 
 
3 
 
1193739.49 
 
1.85 
 
0.1391 
 
Model 
 
26089298.50 
 
6 
 
4348216.40 
 
6.73 
 
<0.0001 
 
Error 
 
150474617.00 
 
236 
 
645813.80 
 
-------------- 
 
-------------- 
 
Total 
 
176563916.00 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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Table 7.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Oligochaeta During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, 
High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
5.4 
 
1.2 
 
1.2 
 
1.2 
 
 
 
Mid- 
 
0.4 
 
0.3 
 
1.1 
 
0.5 
 
 
 
High- 
 
4.1 
 
----- 
 
0.4 
 
----- 
 
Summer 1998 
 
Low- 
 
----- 
 
----- 
 
----- 
 
----- 
 
 
 
Mid- 
 
141.0 
 
13.2 
 
0.9 
 
3.2 
 
 
 
High- 
 
314.1 
 
174.2 
 
141.7 
 
97.8 
 
Season Elevation Depth 
Fall 1997 1.3 Low- 1.1 0 to 10 cm 77.5 
Summer 
1998 
73.8 Mid- 20.1 10 to 20 31.5 
  High- 91.5 20 to 30  24.2 
    30 to 40 17.2 
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Table 7  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
315592.54 
 
1 
 
315592.50 
 
28.04 
 
<0.0001 
 
Elevation 
 
363744.31 
 
2 
 
121872.2 
 
16.16 
 
<0.0001 
 
Depth 
 
133686.15 
 
3 
 
44562.05 
 
3.96 
 
0.0088 
 
Model 
 
813022.99 
 
6 
 
135503.80 
 
12.04 
 
<0.0001 
 
Error 
 
2622585.50 
 
236 
 
11255.73 
 
-------------- 
 
-------------- 
 
Total 
 
3435608.50 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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Table 8.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Mystacocarida During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, 
High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
----- 
 
----- 
 
----- 
 
----- 
 
 
 
Mid- 
 
----- 
 
----- 
 
----- 
 
----- 
 
 
 
High- 
 
0.8 
 
0.8 
 
0.1 
 
0.4 
 
Summer 1998 
 
Low- 
 
----- 
 
----- 
 
0.7 
 
----- 
 
 
 
Mid- 
 
0.4 
 
0.4 
 
----- 
 
0.8 
 
 
 
High- 
 
46.3 
 
26.8 
 
31.3 
 
60.7 
 
Season Elevation Depth 
Fall 1997 0 Low- 0 0 to 10 cm 2.1 
Summer 1998 13.7 Mid- 0 10 to 20 1.7 
  High- 13.7 20 to 30  12.5 
    30 to 40 11.9 
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Table 8  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
11247.70417 
 
1 
 
11247.700 
 
9.46 
 
0.0023 
 
Elevation 
 
22495.40833 
 
2 
 
11247.700 
 
9.46 
 
0.0001 
 
Depth 
 
6977.04583 
 
3 
 
2325.682 
 
1.96 
 
0.1213 
 
Model 
 
40720.1583 
 
6 
 
6786.693 
 
5.71 
 
<0.0001 
 
Error 
 
276987.1375 
 
236 
 
1188.786 
 
-------------- 
 
-------------- 
 
Total 
 
317707.2958 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
 
  82 
 
Table 9.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Sarcomastigophora During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, 
Mid-, High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
----- 
 
5.9 
 
0.1 
 
1.6 
 
 
 
Mid- 
 
----- 
 
1.2 
 
0.4 
 
2.8 
 
 
 
High- 
 
----- 
 
0.1 
 
7.6 
 
6.3 
 
Summer 1998 
 
Low- 
 
8.5 
 
13.5 
 
36.5 
 
25.5 
 
 
 
Mid- 
 
15.4 
 
25.0 
 
25.5 
 
27.5 
 
 
 
High- 
 
106.5 
 
54.7 
 
62.3 
 
52.7 
 
Season Elevation Depth 
Fall 1997 2.2 Low- 11.4 0 to 10 cm 21.7 
Summer 1998 37.8 Mid- 12.2 10 to 20 16.7 
  High- 36.3 20 to 30  22.1 
    30 to 40 19.4 
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Table 9  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
76184.070 
 
1 
 
76184.0700 
 
96.08 
 
<0.0001 
 
Elevation 
 
31874.230 
 
2 
 
15937.1200 
 
20.10 
 
<0.0001 
 
Depth 
 
1098.333 
 
3 
 
366.1111 
 
0.46 
 
0.3338 
 
Model 
 
109156.600 
 
6 
 
18192.7700 
 
22.94 
 
<0.0001 
 
Error 
 
184743.300 
 
236 
 
792.8897 
 
-------------- 
 
-------------- 
 
Total 
 
293899.900 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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Table 10.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Halacaroidea During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, 
High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 
 
----- 
 
----- 
 
----- 
 
0.4 
 
 
 
Mid- 
 
----- 
 
----- 
 
----- 
 
----- 
 
 
 
High- 
 
0.8 
 
0.8 
 
0.1 
 
0.4 
 
Summer 1998 
 
Low- 
 
----- 
 
----- 
 
0.7 
 
----- 
 
 
 
Mid- 
 
0.4 
 
0.4 
 
----- 
 
0.8 
 
 
 
High- 
 
46.3 
 
26.8 
 
31.3 
 
60.7 
 
Season Elevation Depth 
Fall 1997 0.6 Low- 0.1 0 to 10 cm 7.9 
Summer 1998 14.0 Mid- 0.2 10 to 20 4.7 
  High- 20.7 20 to 30  5.4 
    30 to 40 10.4 
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Table 10  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 
 
11723.808 
 
1 
 
11723.8100 
 
27.91 
 
<0.0001 
 
Elevation 
 
23612.635 
 
2 
 
11806.3200 
 
28.10 
 
<0.0001 
 
Depth 
 
1436.1219 
 
3 
 
478.7073 
 
1.14 
 
0.3380 
 
Model 
 
36422.101 
 
6 
 
6070.3500 
 
14.45 
 
<0.0001 
 
Error 
 
97461.071 
 
236 
 
420.0908 
 
-------------- 
 
-------------- 
 
Total 
 
133883.170 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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Table 11.  Treatment Means and Analysis of Variance Comparing the Number of Individuals of the 
Turbellaria During Each Season (Fall 1997 and Summer 1998) at 3 Beach Elevations (Low-, Mid-, 
High-) and at 4 Depths (0 to 10, 10 to 20, 20 to 30, 30 to 40 Cm). 
 
 
 
 
 
0 to 10 cm 
 
10 to 20 cm 
 
20 to 30 cm 
 
30 to 40 cm 
 
Fall 1997 
 
Low-elevation 1.2 1.2 0.4 1.6 
 
 
 
Mid- 2.0 2.1 0.1 ----- 
 
 
 
High- 9.9 10.6 8.6 2.9 
 
Summer 1998 
 
Low- 21.5 29.7 1.7 7.2 
 
 
 
Mid- 0.4 9.0 0.7 ----- 
 
 
 
High- 29.6 51.9 19.4 14.4 
 
Season Elevation Depth 
Fall 1997 3.39 Low- 5.05 0 to 10 cm 10.23 
Summer 1998 13.48 Mid- 1.89 10 to 20 13.95 
  High- 18.38 20 to 30  5.15 
    30 to 40 4.48 
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Table 11  (continued) 
 
SOURCE OF 
VARIANCE 
 
SUM OF 
SQUARES 
 
DEGREES 
OF 
FREEDOM 
 
MEAN 
SQUARE 
 
F-VALUE 
 
P-VALUE 
 
Season 1180600.00 
 
1 118060.00 10.20 <0.0001 
 
Elevation 1219201.98 
 
2 13761.4789 13.24 <0.0001 
 
Depth 107324.01 
 
3 632.3069 2.391 0.069 
 
Model 2892952.80 
 
6 15355.37 6.97 <0.0001 
 
Error 2245124.33 
 
236 9658.14 
 
-------------- 
 
-------------- 
 
Total 
 
7251585.28 
 
239 
 
-------------- 
 
-------------- 
 
-------------- 
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elevation (Table 4).  A large number of tardigrade specimens (149) were collected from the low-
elevation (mean = 1.9 individuals).  There were 3 species that were collected almost exclusively from 
this elevation (B. carnonensis, B. pennaki, and Paradoxipus sp.) (Table 1). Also collected in large 
numbers was B. mirus (40 specimens). 
Each of the 7 dominant taxa showed a significant difference in their distribution patterns 
(p<0.0001) (Tables 5-10).  Nematoda (Table 5) showed significant differences attributable to each of 
the sources of variation.  This taxon was collected in every sample but the majority of specimens were in 
the summer samples at the high-elevation along the sand surface (0 to 10 cm depth).  Their numbers 
steadily decreased as elevation decreased and depth increased. 
Copepoda's (Table 6) significant sources of variation were elevation (p<0.0001) and season 
(p=0.0495).    Copepods were collected primarily at the high-elevation (80.4% of total).  Even though 
depth was not significant, the majority of copepods sampled were from the 20 to 30 cm depth.  This 
could in response to desiccation avoidance since most were from the summer samples and at the high 
elevation.  Oligochaetes (Table 7) had all three sources of variation.  Sarcomastigophora (Table 9) and 
Halacaroidea (Table 10) each showed that a significant proportion of the variance in abundance was 
attributable to season and elevation.  Mystacocarida's (Table 8) significant sources of variation were 
elevation (p=0.0001) and season (p=0.0023).  Turbellaria’s (Table 11) sources of variation were 
elevation (p<0.0001) and season (p<0.0001).  
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CHAPTER 4 
DISCUSSION 
 
 
 
In my study, sand samples were collected from the moderate-energy beach at Huntington 
Beach, South Carolina.  This beach is typical of other temperate Atlantic beaches within the United 
States with medium to fine quartz and feldspar particles and with crushed shell fragments and 
semidiurnal tides.  From previous tardigrade studies on Atlantic beaches (Hay 1917; Marcus 1946; 
King 1962; Riggin 1962; McGinty and Higgins 1968; Pollock 1970a, b; Lindgren 1971; McKirdy 
1975), I expected to find several tardigrade species in my study. 
Samples were collected during low tide in the intertidal zone.  During 2 sampling seasons (Fall 
1997 and Summer 1998), sediment cores were taken at 3 beach elevations  (low-, mid-, and high-tide 
lines) to a depth of 40 cm.  At each elevation, 10 cores were taken and divided into 4 equal 10 cm 
depth samples resulting in a total of 240 sediment samples (120 Fall and 120 Summer) for the study.  
The number of positive samples was high, 96 of 240 samples (40%) contained tardigrades.  However, 
the number of tardigrade specimens per sample was low, ranging from 1 to 14 individuals.  After the 
tardigrades were removed and mounted, the meiofauna taxa present were identified and enumerated.  
The meiofauna community had 18 taxa (including Tardigrada) and an estimated 330,338 specimens.  
The most numerous taxa (>1500 specimens) were Nematoda, Copepoda, Oligochaeta, Turbellaria, 
Sarcomastigophora, and Mystacocarida.  However, this is a conservative estimate of the meiofauna 
community based upon the sample processing technique.  The short freshwater bath used to induce 
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osmotic shock has been useful in previous tardigrade studies (Kristensen and Higgins 1984, 1989), but 
the effectiveness on other meiofauna taxa is unknown.  It is believed that the bath will not induce 
osmotic shock in the heavier-bodied organisms, i.e. Amphipoda and Polychaeta; this may lead to their 
retention within the sand grains and to lower estimates of the number of individuals in such taxa.  This 
may explain their dominance in number of individuals in the previous study at Huntington Beach (Knott 
et al. 1983) and the very low numbers of individuals present in this study.  Few meiofauna studies have 
used more than a single extraction method, but Gray and Rieger (1971) used 2 in England.  Magnesium 
chloride was only 60% effective in removing meiofauna and 10% ethyl alcohol was used to extract the 
remaining meiofauna in the sand samples resulting in almost 100% effectiveness. 
In any discussion or redescription of a tardigrade species, the author cautions the reader about 
using a single feature as a conclusive point of species identification because of the high variability of 
morphological characteristics within a population through the year (McKirdy 1975, Kristensen 1978, 
Villora-Moreno and Grimaldi De Zio 1993).  Batillipes noerrevangi, for example, demonstrates 
polymorphic variations of the caudal appendage in regard to life stage, season, and environmental 
conditions.  Kristensen (1978) observed a female change from having 2 distinct caudal appendages to it 
possessing none in only 4 days when the temperature was lowered from 17oC to 4oC.  A second 
difficulty in tardigrade species identification is identifying the juveniles (Villora-Moreno and Grimaldi De 
Zio 1993).  Because certain appendages grow at a different rate than others or are not present on 
juveniles, the ratio of "appendage size/body size" must be used with caution or omitted as a useful 
identification character. 
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Ecology 
 
Table 2 lists the meiofauna groups collected from Huntington Beach.  This sandy beach study 
yielded results similar to other world-wide meiofauna studies that identified tardigrades to species.  Few 
meiofauna community studies have focused on tardigrades but certain trends were identified.  Gray and 
Rieger (1971) collected 6 meiofauna taxa from Yorkshire, England.  The dominant taxa were 
nematodes (as high as 86%) and harpacticoid copepods with a single nematode species, Theristus sp., 
dominating the nematode fauna.  Of the 230 tardigrades collected, Batillipes phreaticus Renaud-
Mornant 1959 and Batillipes sp. were identified.  Harris (1972) collected sand samples from Whitsand 
Bay, East Cornwall, England, which were dominated by Nematoda (50.1%) and Copepoda (43.3%).  
The only tardigrade species collected was Batillipes phreaticus representing 1.8% of the meiofauna 
population.  Collections have been made in  North America.  Feder and Paul (1980) collected 15 
meiofauna taxa at 2 sampling locations from Port Valdez, Alaska.  The community was dominated by 
nematodes and harpacticoid copepods with Hypsibius appelloefi Thulin 1911 being the only tardigrade 
species collected.  
In the present study, specific trends of meiofauna distribution patterns were relationed to 
season, elevation, and depth.  The number of meiofauna collected was significantly higher (p<0.0001) 
(ANOVA) in the Summer 1998 samples (mean = 2068.6) than the Fall 1997 samples (mean = 681.7).  
The Summer 1998 samples represented 75.1% of the total number of specimens collected, and the 
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Summer 1998 high-elevation samples represented 49.9% of all meiofauna collected.  The mean number 
of all meiofauna organisms in the community decreased with an increase in sand depth.  At the surface 
(0 to 10 cm) the total mean was 2274.3 and decreased to 874.0 at the greatest sample depth.  Because 
there was a significantly higher number of specimens at the high-elevation and at the surface, desiccation 
did not seem a major factor influencing distribution patterns.  The increase in total number of specimens 
at the high-elevation was the result of a large increase in the number of Copepoda, Halacaroidea, 
Nematoda, Oligocheata, and Sacromastigophora.  Also the mystacocarid distribution was restricted to 
this elevation.  Both sampling seasons followed a similar trend.  The number of meiofauna decreased in 
the low- to mid-elevation but increased by almost a factor of 10 at the high-elevation.  Significant 
differences between depths were present for both the community and the nematodes.  For each of these 
groups, the majority of fauna was collected at 0 to 10 cm depth (41.3% for community; 40.6% for 
nematodes), followed by the 10 to 20 cm depth (25.8% for community; 22.7% for nematodes).  This 
relationship is the result of the nematodes being the most numerous taxon collected.  These typical 
distribution patterns are the result of the organisms coping with abiotic factors such as oxygen 
concentration and food availability (Brown and McLachlan 1990). 
The copepod distribution pattern was similar to the community’s pattern in relation to season 
and elevation but there was a difference when comparing the depth distribution pattern.  The copepods 
were mostly collected from the high-elevation (93.1%) with few speciemens collected at the mid-
elevation (1.5%).  Specimen numbers increased with increasing depth unlike the community or 
nematodes patterns.  The copepod means increased from 196.7 to 1106.0.  Environmental factors that 
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influenced this could be desiccation avoidance and the use of burrowing downward to avoid being 
washed away from the sand grains and becoming suspended by wave action, thus becoming prey items 
for megafauna including crabs and fish. 
Of the 5 remaining predominant taxa (Halacaroidea, Sarcomastigophora, Mystacocarida, 
Oligochaeta, and Turbellaria) only the oligochaetes showed a significant difference in relation to depth.  
These specimens were collected at the surface (0 to 10 cm) and their numbers decreased with depth.  
Desiccation avoidance did not seem to affect distribution patterns since nearly all specimens were 
collected in the summer samples at the high-elevation’s surface.  The remaining 3 taxa were barely 
present or were present, during the fall sampling season.  Furthermore the Halacaroidea and the 
Mystacocarida were almost limited to the high elevation. 
Because there was a significant difference in tardigrade distribution in relation to elevation, 
further discussion is warrented.  There were 5 tardigrade species collected in high enough numbers to 
allow discussing trends of their distribution patterns at Huntington Beach and comparing my results to 
previous ecological studies on tardigrades.  These species were Batillipes bullacaudatus, B. 
carnonensis, B. mirus, B. pennaki, and S. bradypus. 
There was a change in tardigrade species composition in relation to season and elevation during 
my study.  From both sampling seasons, a total of 7 species was identified.  Species composition 
changed.  During Fall 1997 at each elevation, B. mirus was most numerous, followed by S. bradypus 
and B. bullacaudatus.  However, the number of B. mirus specimens decreased to only 3 in Summer 
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1998.  At the low-elevation it was replaced by B. carnonensis and B. pennaki.  The species was also 
replaced by B. bullacudatus at the high-elevation. 
McGinty and Higgins (1968) collected B. bullacaudatus at Yorktown, Virginia and Woods 
Hole, Massachusetts.  Distribution was limited to the upper 20 cm of sediment.  Pollock (1970a, b) 
collected the species in the upper half of the beach, with maxima in spring and fall of the year.  The 
species showed a seasonal distribution pattern by moving further toward the low- elevation in winter.  
Kristensen and Higgins (1984) did not find a clear vertical or horizontal distribution for the species, but 
it was found at or near the surface of the low-tide region and was more abundant in the 10-30 cm depth 
at the mid-tide line.  Also, all 8 of the tardigrade species identified in the study showed a positive 
relation to grain size in their horizontal and vertical distributions. 
In my study, nearly all specimens of B. bullacaudatus (71 of 72) were collected at high-
elevation (Table 4).  In Fall 1997, 10 of the specimens were collected at the depth of 10 to 20 cm.  In 
Summer 1998, all 70 tardigrade specimens collected were B. bullacaudatus and only 4 of these were 
collected at depths less than 20 cm.  It is believed that this typical depth distribution is to avoid 
increased desiccation levels as the result of exposed sand during the summer. 
Little information is available on the distribution patterns of B. carnonensis.  However, in my 
study this species was collected only in the Summer 1998 samples at the low- and mid-elevations.  Its 
vertical distribution was primarily limited to the upper 20 cm of sediment (32 of 44 specimens). 
Batillipes mirus, the most numerous tardigrade species, was collected at 5 of the 6 elevations.  
During Fall 1997, 25 of the 40 specimens collected at the low-elevation were at a depth of 0 to 10 cm.  
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At the Fall 1997 mid-elevation, 34 of 36 tardigrades collected were B. mirus.  Here the distribution 
increased with depth with 19 specimens collected at a depth of 30 to 40 cm. 
Batillipes pennaki has been collected in several localities throughout the world.  De Zio and 
Grimaldi (1966) recorded tardigrade distributions in the South Adriatic and collected 3 species, with 
Batillipes pennaki being most frequent.  Their observations of B. pennaki included: seasonal fluctuation 
with spring and autumn maxima, more frequent near the shore line during summer months, and a 
distribution not based on granulometry but rather the distance from the shoreline in relation to the 
amount of interstitial water.  The tardigrades seem to have been uniformly distributed along the South 
Adriatic Beach.  Pollock (1970b) collected B. pennaki, an abundant species at Woods Hole, 
Massachusetts at different beach elevations with the greatest number of individuals collected at the mid-
beach elevation.  The population reached maxima in summer and fall. 
Specimens of B. pennaki collected at Huntington Beach demonstrated a distinct seasonal and 
elevation pattern. They were present at the Summer 1998 low-elevation (34 of 36 specimens).  At this 
elevation, 25 of the specimens were collected at depths <20 cm. 
Pollock's (1989) study revealed an interesting difference between distribution patterns of 
Batillipes species.  On the Pacific coast, they were virtually absent from the top 15 cm of the sand at all 
tidal heights, unlike the Atlantic coast beaches where they are commonly found at the surface.  Pollock 
(1989) attributes this difference to the greater surf action along the Pacific coast. The greater wave 
action selects against the optimal sediment sizes for tardigrades and decreases the number of habitable 
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beaches on the coast.  Overall, these selection pressures influence the lower diversity of Batillipes along 
the Pacific coast compared to the Atlantic coast. 
Even though Stygarctus bradypus was collected in limited quantities (23 individuals), a 
distribution pattern was evident.  The species has been reported 18 times throughout the world and on 
both coasts of the United States (Ramazzotti and Maucci 1983).  Pollock (1989) collected the species 
at 6 localities along the Pacific coast (first records) and had maximum abundances at 30-45 cm depth at 
the high tide line at Shilshole Bay, Washington and at 25-45 cm depth at the 3/4 tide line at Little 
Corona Beach and La Jolla, California.  When collected by McGinty and Higgins (1968) this species 
was found in most samples but was rarely considered abundant. 
In the present study, all 23 S. bradypus specimens were collected in Fall 1997, at high elevation 
and at a depth of 30 to 40 cm.  These specimens demonstrated the typical depth distribution pattern of 
the genus at a greater depth than the Batillipes specimens.  A possible reason for this distribution 
pattern is the species’ inability to cope with constant wave action and its displacement from the sand 
grains. 
In conclusion, the tardigrade composition at Huntington Beach, South Carolina, generally 
followed that of other Atlantic sandy beaches.  Other sandy beach communities consist of 1-4 
Batillipes species collected at or near the surface, Stygarctus species that are collected at a greater 
depth and few specimens of a halechiniscid species collected throughout the sand depths.  However, it 
is interesting that the number of Batillipes species present at Huntington Beach was much higher than 
that reported at other localities.  Pollock (1970a, b) reported 4 Batillipes species, Lindgren (1971) had 
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3 species, and Kristensen and Higgins (1984) reported only 1 from 2 separate study sites in Florida.  
The most surprising result from the current study was the number of marine interstitial tardigrades that 
are possibly new to science. 
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Appendix A:  Raw Data of Meiofauna Collected 
Table 12.  Estimated Fauna Totals at the Low-Elevation at Huntington Beach (October 3-4, 1997) 
 
 Fauna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample 
 
Amphipoda 
 
Bivalvia 
 
Copepoda 
 
Crustacea 
 
Gastrotricha 
 
Gastropoda 
 
Halacaroidea 
 
Insecta 
 
7L10 
 
 
 
 
 
1 
 
8 
 
 
 
 
 
 
 
 
 
7L11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L20 
 
 
 
 
 
 
 
12 
 
 
 
 
 
 
 
 
 
7L21 
 
 
 
 
 
64 
 
 
 
 
 
 
 
 
 
 
 
7L22 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
 
7L23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L30 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7L31 
 
 
 
 
 
20 
 
 
 
 
 
 
 
 
 
 
 
7L32 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L33 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7L40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L41 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7L42 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7L43 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7L50 
 
 
 
 
 
72 
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7L51 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L52 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7L53 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7L60 
 
 
 
 
 
17 
 
4 
 
 
 
 
 
 
 
 
 
7L61 
 
 
 
 
 
40 
 
 
 
 
 
 
 
 
 
 
 
7L62 
 
 
 
 
 
17 
 
 
 
 
 
 
 
 
 
 
 
7L63 
 
 
 
 
 
47 
 
 
 
 
 
 
 
 
 
 
 
7L70 
 
 
 
 
 
 
 
7 
 
 
 
 
 
 
 
 
 
7L71 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7L72 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L73 
 
 
 
 
 
8 
 
 
 
 
 
 
 
 
 
 
 
7L80 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L81 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L83 
 
 
 
 
 
67 
 
 
 
 
 
 
 
 
 
 
 
7L90 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L92 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L93 
 
 
 
 
 
27 
 
 
 
 
 
 
 
 
 
 
 
7L100 
 
8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7L101 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7L102 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 108
 
7L103 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
 
 
12 
 
59 
 
 
 
 
 
4 
 
 
 
 
Sample 
 
Kinorhyncha 
 
Loricifera 
 
Mystacocarida 
 
Nematoda 
 
Oligochaeta 
 
Ostracoda 
 
Polychaeta 
 
7L10 
 
 
 
 
 
 
 
807 
 
 
 
 
 
52 
 
7L11 
 
 
 
 
 
 
 
127 
 
 
 
 
 
 
 
7L12 
 
 
 
 
 
 
 
107 
 
4 
 
 
 
36 
 
7L13 
 
 
 
 
 
 
 
107 
 
 
 
 
 
12 
 
7L20 
 
 
 
 
 
 
 
495 
 
7 
 
 
 
 
 
7L21 
 
 
 
 
 
 
 
61 
 
4 
 
 
 
4 
 
7L22 
 
 
 
 
 
 
 
172 
 
 
 
3 
 
 
 
7L23 
 
 
 
 
 
 
 
28 
 
 
 
 
 
12 
 
7L30 
 
 
 
 
 
 
 
283 
 
 
 
 
 
20 
 
7L31 
 
 
 
 
 
 
 
260 
 
 
 
 
 
 
 
7L32 
 
 
 
 
 
 
 
121 
 
 
 
 
 
24 
 
7L33 
 
 
 
 
 
 
 
55 
 
 
 
 
 
 
 
7L40 
 
 
 
 
 
 
 
239 
 
 
 
 
 
 
 
7L41 
 
 
 
 
 
 
 
252 
 
 
 
 
 
20 
 
7L42 
 
 
 
 
 
 
 
89 
 
8 
 
 
 
32 
 
7L43 
 
 
 
 
 
 
 
168 
 
8 
 
 
 
 
 
7L50 
 
 
 
 
 
 
 
583 
 
 
 
 
 
4 
 
 
 109
 
7L51 
 
 
 
 
 
 
 
196 
 
 
 
 
 
 
 
7L52 
 
 
 
 
 
 
 
93 
 
 
 
 
 
 
 
7L53 
 
 
 
 
 
 
 
152 
 
 
 
 
 
 
 
7L60 
 
 
 
 
 
 
 
297 
 
23 
 
 
 
16 
 
7L61 
 
 
 
 
 
 
 
199 
 
 
 
 
 
4 
 
7L62 
 
 
 
4 
 
 
 
97 
 
 
 
 
 
8 
 
7L63 
 
 
 
 
 
 
 
181 
 
 
 
 
 
 
 
7L70 
 
 
 
 
 
 
 
497 
 
20 
 
 
 
20 
 
7L71 
 
 
 
 
 
 
 
332 
 
 
 
 
 
8 
 
7L72 
 
 
 
 
 
 
 
96 
 
 
 
 
 
 
 
7L73 
 
 
 
 
 
 
 
99 
 
4 
 
 
 
 
 
7L80 
 
 
 
 
 
 
 
355 
 
 
 
 
 
4 
 
7L81 
 
 
 
 
 
 
 
269 
 
 
 
 
 
9 
 
7L82 
 
 
 
 
 
 
 
51 
 
 
 
 
 
4 
 
7L83 
 
 
 
 
 
 
 
61 
 
 
 
 
 
4 
 
7L90 
 
 
 
 
 
 
 
177 
 
 
 
 
 
 
 
7L91 
 
 
 
 
 
 
 
81 
 
8 
 
 
 
40 
 
7L92 
 
 
 
 
 
 
 
48 
 
 
 
 
 
12 
 
7L93 
 
 
 
 
 
 
 
137 
 
 
 
 
 
4 
 
7L100 
 
 
 
 
 
 
 
987 
 
4 
 
 
 
 
 
7L101 
 
 
 
 
 
 
 
127 
 
 
 
 
 
8 
 
7L102 
 
 
 
 
 
 
 
217 
 
 
 
 
 
 
 
 
 110
 
7L103 
 
 
 
 
 
 
 
60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
4 
 
 
 
8763 
 
90 
 
3 
 
357 
 
 
Sample 
 
Sacromastigophora 
 
Tardigrada 
 
Turbellaria 
 
Total 
 
7L10 
 
 
 
1 
 
 
 
869 
 
7L11 
 
59 
 
3 
 
8 
 
197 
 
7L12 
 
 
 
 
 
 
 
147 
 
7L13 
 
 
 
 
 
4 
 
123 
 
7L20 
 
 
 
 
 
 
 
514 
 
7L21 
 
 
 
 
 
 
 
133 
 
7L22 
 
 
 
4 
 
4 
 
184 
 
7L23 
 
 
 
 
 
 
 
40 
 
7L30 
 
 
 
 
 
8 
 
315 
 
7L31 
 
 
 
 
 
 
 
280 
 
7L32 
 
 
 
 
 
 
 
145 
 
7L33 
 
 
 
 
 
4 
 
63 
 
7L40 
 
 
 
 
 
 
 
239 
 
7L41 
 
 
 
 
 
 
 
276 
 
7L42 
 
 
 
 
 
 
 
133 
 
7L43 
 
 
 
 
 
4 
 
184 
 
7L50 
 
 
 
8 
 
 
 
667 
 
 
 111
 
7L51 
 
 
 
 
 
4 
 
200 
 
7L52 
 
 
 
2 
 
 
 
99 
 
7L53 
 
 
 
 
 
 
 
156 
 
7L60 
 
 
 
 
 
4 
 
361 
 
7L61 
 
 
 
 
 
 
 
243 
 
7L62 
 
1 
 
1 
 
 
 
128 
 
7L63 
 
16 
 
1 
 
 
 
245 
 
7L70 
 
 
 
 
 
 
 
544 
 
7L71 
 
 
 
1 
 
 
 
345 
 
7L72 
 
 
 
 
 
 
 
96 
 
7L73 
 
 
 
3 
 
4 
 
118 
 
7L80 
 
 
 
 
 
 
 
359 
 
7L81 
 
 
 
 
 
 
 
278 
 
7L82 
 
 
 
 
 
 
 
55 
 
7L83 
 
 
 
 
 
 
 
132 
 
7L90 
 
 
 
6 
 
 
 
187 
 
7L91 
 
 
 
 
 
 
 
129 
 
7L92 
 
 
 
 
 
 
 
60 
 
7L93 
 
 
 
1 
 
 
 
169 
 
7L100 
 
 
 
11 
 
 
 
1010 
 
7L101 
 
 
 
 
 
 
 
139 
 
7L102 
 
 
 
1 
 
 
 
222 
 
 
 112
 
7L103 
 
 
 
2 
 
 
 
66 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
76 
 
45 
 
44 
 
9850 
 
 
 113
  
Table 13.  Estimated Fauna Totals at the Mid-Elevation at Huntington Beach (October 3-4, 1997) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fauna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample 
 
Amphipoda 
 
Bivalvia 
 
Copepoda 
 
Crustacea 
 
Gastrotricha 
 
Gastropoda 
 
Halacaroidea 
 
Insecta 
 
7M10 
 
 
 
 
 
 
 
20 
 
 
 
 
 
 
 
 
 
7M11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M20 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M21 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M22 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
7M23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M31 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7M32 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M33 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M41 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7M42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M43 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M50 
 
 
 
 
 
11 
 
3 
 
 
 
 
 
 
 
 
 
7M51 
 
 
 
 
 
5 
 
 
 
 
 
 
 
 
 
 
 
 
 114
 
7M52 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M53 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M61 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M62 
 
 
 
 
 
11 
 
 
 
 
 
 
 
 
 
 
 
7M63 
 
 
 
 
 
7 
 
 
 
 
 
 
 
 
 
 
 
7M70 
 
 
 
 
 
35 
 
 
 
 
 
 
 
 
 
 
 
7M71 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M72 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M73 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M80 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M81 
 
 
 
 
 
30 
 
 
 
 
 
 
 
 
 
 
 
7M82 
 
 
 
 
 
20 
 
4 
 
 
 
 
 
 
 
 
 
7M83 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M90 
 
 
 
 
 
 
 
8 
 
 
 
 
 
 
 
 
 
7M91 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
7M92 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M93 
 
 
 
 
 
 
 
 
 
20 
 
 
 
 
 
 
 
7M100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M101 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M102 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7M103 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 115
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
 
 
147 
 
44 
 
20 
 
 
 
 
 
 
 
 
Sample 
 
Kinorhyncha 
 
Loricifera 
 
Mystacocarida 
 
Nematoda 
 
Oligochaeta 
 
Ostracoda 
 
Polychaeta 
 
7M10 
 
 
 
 
 
 
 
128 
 
 
 
 
 
16 
 
7M11 
 
 
 
 
 
 
 
67 
 
 
 
 
 
8 
 
7M12 
 
 
 
 
 
 
 
87 
 
 
 
 
 
 
 
7M13 
 
 
 
 
 
 
 
88 
 
 
 
 
 
 
 
7M20 
 
 
 
 
 
 
 
203 
 
 
 
 
 
52 
 
7M21 
 
 
 
 
 
 
 
229 
 
 
 
 
 
15 
 
7M22 
 
 
 
 
 
 
 
207 
 
 
 
 
 
 
 
7M23 
 
 
 
 
 
 
 
153 
 
 
 
 
 
 
 
7M30 
 
 
 
 
 
 
 
196 
 
 
 
 
 
4 
 
7M31 
 
 
 
 
 
 
 
56 
 
 
 
 
 
 
 
7M32 
 
 
 
 
 
 
 
115 
 
4 
 
 
 
4 
 
7M33 
 
 
 
 
 
 
 
127 
 
5 
 
 
 
 
 
7M40 
 
 
 
 
 
 
 
93 
 
4 
 
 
 
 
 
7M41 
 
 
 
 
 
 
 
61 
 
 
 
 
 
4 
 
7M42 
 
 
 
 
 
 
 
151 
 
 
 
 
 
 
 
7M43 
 
 
 
 
 
 
 
121 
 
 
 
 
 
9 
 
7M50 
 
 
 
 
 
 
 
367 
 
 
 
 
 
12 
 
7M51 
 
 
 
 
 
 
 
103 
 
 
 
 
 
36 
 
 
 116
 
7M52 
 
 
 
 
 
 
 
87 
 
 
 
 
 
4 
 
7M53 
 
 
 
 
 
 
 
203 
 
 
 
 
 
4 
 
7M60 
 
 
 
 
 
 
 
201 
 
 
 
 
 
36 
 
7M61 
 
 
 
 
 
 
 
135 
 
 
 
 
 
 
 
7M62 
 
 
 
 
 
 
 
115 
 
 
 
 
 
 
 
7M63 
 
 
 
 
 
 
 
77 
 
 
 
 
 
8 
 
7M70 
 
 
 
 
 
 
 
201 
 
 
 
 
 
20 
 
7M71 
 
 
 
 
 
 
 
77 
 
 
 
 
 
24 
 
7M72 
 
 
 
 
 
 
 
131 
 
 
 
 
 
 
 
7M73 
 
 
 
 
 
 
 
63 
 
 
 
 
 
 
 
7M80 
 
 
 
 
 
 
 
83 
 
 
 
 
 
 
 
7M81 
 
 
 
 
 
 
 
117 
 
 
 
 
 
 
 
7M82 
 
1 
 
 
 
 
 
103 
 
7 
 
 
 
8 
 
7M83 
 
 
 
 
 
 
 
69 
 
 
 
 
 
 
 
7M90 
 
 
 
 
 
 
 
247 
 
 
 
 
 
 
 
7M91 
 
 
 
 
 
 
 
216 
 
3 
 
 
 
20 
 
7M92 
 
 
 
 
 
 
 
101 
 
 
 
 
 
 
 
7M93 
 
 
 
 
 
 
 
129 
 
 
 
 
 
 
 
7M100 
 
 
 
 
 
 
 
256 
 
 
 
 
 
 
 
7M101 
 
 
 
 
 
 
 
164 
 
 
 
 
 
8 
 
7M102 
 
 
 
 
 
 
 
151 
 
 
 
 
 
 
 
7M103 
 
 
 
 
 
 
 
112 
 
 
 
 
 
 
 
 
 117
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total 
 
1 
 
 
 
 
 
5590 
 
23 
 
 
 
292 
 
 
Sample 
 
Sacromastigophora 
 
Tardigrada 
 
Turbellaria 
 
Total 
 
7M10 
 
 
 
 
 
 
 
164 
 
7M11 
 
12 
 
2 
 
 
 
89 
 
7M12 
 
 
 
 
 
 
 
87 
 
7M13 
 
 
 
 
 
 
 
88 
 
7M20 
 
 
 
 
 
 
 
259 
 
7M21 
 
 
 
 
 
 
 
244 
 
7M22 
 
 
 
 
 
 
 
208 
 
7M23 
 
 
 
 
 
 
 
153 
 
7M30 
 
 
 
 
 
 
 
200 
 
7M31 
 
 
 
 
 
 
 
60 
 
7M32 
 
 
 
 
 
 
 
127 
 
7M33 
 
 
 
8 
 
8 
 
148 
 
7M40 
 
 
 
 
 
 
 
97 
 
7M41 
 
 
 
 
 
 
 
69 
 
7M42 
 
4 
 
2 
 
 
 
157 
 
7M43 
 
 
 
 
 
 
 
130 
 
7M50 
 
 
 
 
 
 
 
393 
 
7M51 
 
 
 
 
 
 
 
144 
 
 
 118
 
7M52 
 
 
 
 
 
 
 
95 
 
7M53 
 
 
 
6 
 
 
 
213 
 
7M60 
 
 
 
 
 
8 
 
245 
 
7M61 
 
 
 
 
 
 
 
135 
 
7M62 
 
 
 
2 
 
 
 
128 
 
7M63 
 
 
 
 
 
 
 
92 
 
7M70 
 
 
 
 
 
12 
 
268 
 
7M71 
 
 
 
 
 
7 
 
112 
 
7M72 
 
 
 
3 
 
1 
 
139 
 
7M73 
 
 
 
 
 
 
 
67 
 
7M80 
 
 
 
 
 
 
 
83 
 
7M81 
 
 
 
 
 
 
 
147 
 
7M82 
 
 
 
1 
 
 
 
144 
 
7M83 
 
 
 
 
 
 
 
69 
 
7M90 
 
 
 
 
 
 
 
255 
 
7M91 
 
 
 
1 
 
7 
 
251 
 
7M92 
 
 
 
3 
 
 
 
104 
 
7M93 
 
28 
 
6 
 
 
 
183 
 
7M100 
 
 
 
 
 
 
 
256 
 
7M101 
 
 
 
 
 
7 
 
179 
 
7M102 
 
 
 
1 
 
 
 
152 
 
7M103 
 
 
 
 
 
 
 
112 
 
 
 119
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
44 
 
35 
 
50 
 
6246 
 
 
 120
  
Table 14.  Estimated Fauna Totals at the High-Elevation at Huntington Beach (October 3-4, 1997) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fauna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Amphipoda 
 
Bivalvia 
 
Copepoda 
 
Crustacea 
 
Gastrotricha 
 
Gastropoda 
 
Halacaroidea 
 
Insecta 
 
Sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7H10 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
7H11 
 
 
 
 
 
84 
 
 
 
 
 
 
 
4 
 
 
 
7H12 
 
 
 
 
 
55 
 
 
 
19 
 
 
 
8 
 
 
 
7H13 
 
 
 
 
 
27 
 
12 
 
 
 
 
 
 
 
 
 
7H20 
 
 
 
 
 
11 
 
 
 
 
 
 
 
 
 
 
 
7H21 
 
 
 
 
 
127 
 
 
 
 
 
 
 
 
 
 
 
7H22 
 
 
 
 
 
96 
 
 
 
 
 
 
 
 
 
 
 
7H23 
 
 
 
 
 
53 
 
4 
 
 
 
 
 
8 
 
 
 
7H30 
 
 
 
 
 
32 
 
 
 
 
 
 
 
1 
 
 
 
7H31 
 
 
 
 
 
73 
 
 
 
 
 
 
 
 
 
 
 
7H32 
 
 
 
 
 
375 
 
 
 
1 
 
 
 
 
 
 
 
7H33 
 
 
 
 
 
1264 
 
4 
 
 
 
 
 
 
 
 
 
7H40 
 
 
 
 
 
1503 
 
 
 
 
 
 
 
 
 
 
 
7H41 
 
 
 
 
 
3160 
 
 
 
 
 
 
 
 
 
 
 
7H42 
 
 
 
 
 
819 
 
 
 
 
 
 
 
 
 
 
 
7H43 
 
 
 
 
 
1044 
 
 
 
 
 
 
 
 
 
 
 
7H50 
 
 
 
 
 
9 
 
 
 
 
 
 
 
 
 
 
 
 
 121
 
7H51 
 
 
 
 
 
39 
 
16 
 
 
 
 
 
 
 
 
 
7H52 
 
 
 
 
 
151 
 
 
 
 
 
 
 
 
 
 
 
7H53 
 
 
 
 
 
47 
 
15 
 
 
 
 
 
 
 
 
 
7H60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7H61 
 
 
 
 
 
461 
 
 
 
 
 
 
 
 
 
 
 
7H62 
 
 
 
 
 
1216 
 
 
 
 
 
 
 
 
 
 
 
7H63 
 
 
 
 
 
1069 
 
 
 
 
 
 
 
 
 
 
 
7H70 
 
 
 
 
 
25 
 
 
 
 
 
 
 
 
 
 
 
7H71 
 
 
 
 
 
21 
 
 
 
 
 
 
 
 
 
 
 
7H72 
 
 
 
 
 
969 
 
4 
 
 
 
 
 
 
 
 
 
7H73 
 
 
 
 
 
83 
 
 
 
 
 
 
 
 
 
 
 
7H80 
 
 
 
 
 
39 
 
 
 
 
 
 
 
 
 
 
 
7H81 
 
 
 
 
 
251 
 
 
 
 
 
 
 
 
 
 
 
7H82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7H83 
 
 
 
 
 
405 
 
 
 
 
 
 
 
 
 
4 
 
7H90 
 
 
 
 
 
5 
 
 
 
 
 
 
 
 
 
 
 
7H91 
 
 
 
 
 
33 
 
 
 
 
 
 
 
 
 
 
 
7H92 
 
 
 
 
 
560 
 
 
 
 
 
 
 
 
 
 
 
7H93 
 
 
 
 
 
540 
 
1 
 
 
 
 
 
 
 
 
 
7H100 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
 
7H101 
 
 
 
 
 
7 
 
 
 
 
 
 
 
 
 
 
 
7H102 
 
 
 
 
 
137 
 
 
 
 
 
 
 
 
 
 
 
 
 122
 
7H103 
 
 
 
 
 
52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
 
 
14843 
 
60 
 
20 
 
 
 
21 
 
4 
 
 
 
 
Kinorhyncha 
 
Loricifera 
 
Mystacocarida 
 
Nematoda 
 
Oligochaeta 
 
Ostracoda 
 
Polychaeta 
 
Sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7H10 
 
 
 
 
 
 
 
588 
 
4 
 
 
 
 
 
7H11 
 
 
 
 
 
 
 
2184 
 
 
 
1 
 
 
 
7H12 
 
 
 
 
 
 
 
1489 
 
4 
 
 
 
 
 
7H13 
 
 
 
 
 
 
 
620 
 
 
 
 
 
 
 
7H20 
 
 
 
 
 
 
 
1463 
 
 
 
 
 
 
 
7H21 
 
 
 
 
 
 
 
3260 
 
 
 
 
 
8 
 
7H22 
 
 
 
 
 
 
 
2528 
 
 
 
 
 
 
 
7H23 
 
 
 
 
 
 
 
621 
 
 
 
 
 
 
 
7H30 
 
 
 
 
 
 
 
1711 
 
 
 
 
 
 
 
7H31 
 
 
 
 
 
 
 
1012 
 
 
 
 
 
 
 
7H32 
 
 
 
 
 
 
 
707 
 
 
 
 
 
 
 
7H33 
 
23 
 
 
 
 
 
521 
 
 
 
 
 
 
 
7H40 
 
1 
 
 
 
 
 
2493 
 
 
 
 
 
 
 
7H41 
 
 
 
 
 
 
 
3549 
 
 
 
 
 
 
 
7H42 
 
 
 
1 
 
 
 
1696 
 
 
 
 
 
 
 
7H43 
 
 
 
 
 
 
 
616 
 
 
 
 
 
4 
 
 
 123
 
7H50 
 
 
 
 
 
 
 
1333 
 
 
 
 
 
7 
 
7H51 
 
 
 
 
 
 
 
772 
 
 
 
 
 
12 
 
7H52 
 
 
 
 
 
 
 
1527 
 
 
 
 
 
9 
 
7H53 
 
 
 
 
 
 
 
420 
 
 
 
 
 
 
 
7H60 
 
 
 
 
 
 
 
3691 
 
36 
 
 
 
 
 
7H61 
 
 
 
 
 
 
 
2267 
 
 
 
 
 
 
 
7H62 
 
 
 
 
 
 
 
811 
 
 
 
 
 
3 
 
7H63 
 
 
 
 
 
 
 
356 
 
 
 
 
 
5 
 
7H70 
 
 
 
 
 
 
 
1692 
 
 
 
 
 
 
 
7H71 
 
 
 
 
 
 
 
876 
 
 
 
 
 
 
 
7H72 
 
 
 
 
 
 
 
2167 
 
 
 
 
 
 
 
7H73 
 
 
 
 
 
 
 
853 
 
 
 
 
 
 
 
7H80 
 
 
 
 
 
 
 
1113 
 
 
 
 
 
 
 
7H81 
 
 
 
 
 
 
 
757 
 
 
 
1 
 
 
 
7H82 
 
 
 
 
 
 
 
244 
 
 
 
 
 
 
 
7H83 
 
 
 
 
 
 
 
323 
 
 
 
 
 
 
 
7H90 
 
 
 
 
 
 
 
627 
 
 
 
 
 
 
 
7H91 
 
 
 
 
 
 
 
836 
 
 
 
 
 
 
 
7H92 
 
 
 
 
 
 
 
1255 
 
 
 
 
 
 
 
7H93 
 
 
 
5 
 
 
 
433 
 
 
 
 
 
 
 
7H100 
 
 
 
 
 
 
 
969 
 
1 
 
 
 
 
 
7H101 
 
 
 
 
 
 
 
432 
 
 
 
 
 
 
 
 
 124
 
7H102 
 
 
 
 
 
 
 
879 
 
 
 
 
 
 
 
7H103 
 
 
 
 
 
 
 
419 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
24 
 
6 
 
 
 
50110 
 
45 
 
2 
 
48 
 
 
 
 
Sacromastigophora 
 
Tardigrada 
 
Turbellaria 
 
Total 
 
Sample 
 
 
 
 
 
 
 
 
 
7H10 
 
 
 
 
 
 
 
596 
 
7H11 
 
 
 
 
 
9 
 
2282 
 
7H12 
 
 
 
 
 
12 
 
1587 
 
7H13 
 
 
 
 
 
 
 
659 
 
7H20 
 
 
 
 
 
4 
 
1478 
 
7H21 
 
 
 
 
 
13 
 
3408 
 
7H22 
 
 
 
 
 
12 
 
2636 
 
7H23 
 
 
 
6 
 
1 
 
693 
 
7H30 
 
 
 
 
 
29 
 
1773 
 
7H31 
 
 
 
2 
 
8 
 
1095 
 
7H32 
 
 
 
1 
 
21 
 
1105 
 
7H33 
 
24 
 
4 
 
 
 
1840 
 
7H40 
 
 
 
 
 
 
 
3997 
 
7H41 
 
 
 
 
 
 
 
6709 
 
7H42 
 
41 
 
1 
 
19 
 
2577 
 
 
 125
 
7H43 
 
 
 
 
 
 
 
1664 
 
7H50 
 
 
 
 
 
 
 
1349 
 
7H51 
 
 
 
9 
 
 
 
848 
 
7H52 
 
 
 
 
 
 
 
1687 
 
7H53 
 
 
 
7 
 
13 
 
502 
 
7H60 
 
 
 
 
 
55 
 
3782 
 
7H61 
 
 
 
5 
 
25 
 
2758 
 
7H62 
 
 
 
 
 
 
 
2030 
 
7H63 
 
 
 
5 
 
 
 
1435 
 
7H70 
 
 
 
 
 
1 
 
1718 
 
7H71 
 
1 
 
1 
 
19 
 
918 
 
7H72 
 
35 
 
2 
 
20 
 
3197 
 
7H73 
 
 
 
 
 
 
 
936 
 
7H80 
 
 
 
 
 
3 
 
1155 
 
7H81 
 
 
 
4 
 
9 
 
1022 
 
7H82 
 
 
 
3 
 
 
 
247 
 
7H83 
 
 
 
9 
 
 
 
741 
 
7H90 
 
 
 
1 
 
 
 
633 
 
7H91 
 
 
 
 
 
23 
 
892 
 
7H92 
 
 
 
 
 
 
 
1815 
 
7H93 
 
39 
 
9 
 
15 
 
1042 
 
7H100 
 
 
 
 
 
4 
 
975 
 
 
 126
 
7H101 
 
 
 
 
 
 
 
439 
 
7H102 
 
 
 
 
 
4 
 
1020 
 
7H103 
 
 
 
 
 
 
 
471 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
140 
 
69 
 
319 
 
65711 
 
 
 
 
 127
  
Table 15.  Estimated Fauna Totals at the Low-Elevation at Huntington Beach (July 11, 1998) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fauna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample 
 
Amphipoda 
 
Bivalvia 
 
Copepoda 
 
Crustacea 
 
Gastrotricha 
 
Gastropoda 
 
Halacaroidea 
 
Insecta 
 
8L10 
 
4 
 
 
 
7 
 
11 
 
 
 
 
 
 
 
 
 
8L11 
 
 
 
 
 
39 
 
 
 
 
 
 
 
 
 
 
 
8L12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L13 
 
 
 
 
 
 
 
8 
 
 
 
 
 
 
 
 
 
8L20 
 
24 
 
 
 
71 
 
 
 
 
 
 
 
 
 
 
 
8L21 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
 
 
 
8L22 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
 
 
 
8L23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L30 
 
21 
 
 
 
83 
 
 
 
 
 
 
 
 
 
 
 
8L31 
 
 
 
 
 
 
 
 
 
59 
 
 
 
 
 
 
 
8L32 
 
 
 
 
 
 
 
 
 
33 
 
 
 
 
 
 
 
8L33 
 
11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L40 
 
32 
 
 
 
75 
 
 
 
3 
 
 
 
4 
 
 
 
8L41 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L42 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L43 
 
 
 
 
 
 
 
 
 
9 
 
 
 
 
 
 
 
8L50 
 
 
 
 
 
196 
 
 
 
1 
 
 
 
 
 
 
 
8L51 
 
 
 
 
 
99 
 
 
 
44 
 
 
 
 
 
 
 
 
 128
 
8L52 
 
 
 
 
 
 
 
 
 
41 
 
 
 
 
 
 
 
8L53 
 
 
 
 
 
 
 
 
 
27 
 
 
 
 
 
 
 
8L60 
 
4 
 
 
 
405 
 
 
 
36 
 
 
 
 
 
 
 
8L61 
 
4 
 
8 
 
43 
 
 
 
 
 
 
 
 
 
 
 
8L62 
 
 
 
 
 
136 
 
 
 
23 
 
 
 
 
 
 
 
8L63 
 
 
 
 
 
303 
 
 
 
4 
 
 
 
 
 
 
 
8L70 
 
20 
 
 
 
697 
 
12 
 
31 
 
 
 
 
 
 
 
8L71 
 
 
 
3 
 
12 
 
 
 
5 
 
 
 
 
 
 
 
8L72 
 
 
 
8 
 
 
 
 
 
8 
 
 
 
 
 
 
 
8L73 
 
 
 
 
 
 
 
 
 
23 
 
 
 
 
 
 
 
8L80 
 
4 
 
 
 
135 
 
 
 
4 
 
 
 
 
 
 
 
8L81 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
8L82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L83 
 
 
 
9 
 
 
 
 
 
 
 
 
 
 
 
 
 
8L90 
 
8 
 
 
 
80 
 
 
 
 
 
 
 
 
 
 
 
8L91 
 
 
 
 
 
25 
 
 
 
25 
 
 
 
 
 
 
 
8L92 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
8L93 
 
 
 
3 
 
 
 
 
 
17 
 
 
 
 
 
 
 
8L100 
 
15 
 
3 
 
195 
 
 
 
32 
 
4 
 
3 
 
 
 
8L101 
 
 
 
4 
 
4 
 
 
 
 
 
 
 
 
 
 
 
8L102 
 
 
 
 
 
 
 
 
 
11 
 
4 
 
4 
 
 
 
8L103 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 129
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
151 
 
42 
 
2611 
 
31 
 
444 
 
8 
 
11 
 
 
 
 
Sample 
 
Kinorhyncha 
 
Loricifera 
 
Mystacocarida 
 
Nematoda 
 
Oligochaeta 
 
Ostracoda 
 
Polychaeta 
 
8L10 
 
 
 
 
 
 
 
1225 
 
 
 
 
 
64 
 
8L11 
 
 
 
 
 
 
 
1157 
 
 
 
 
 
32 
 
8L12 
 
 
 
 
 
 
 
453 
 
 
 
 
 
 
 
8L13 
 
 
 
 
 
 
 
697 
 
 
 
 
 
 
 
8L20 
 
 
 
 
 
 
 
941 
 
 
 
 
 
16 
 
8L21 
 
 
 
 
 
 
 
1003 
 
 
 
 
 
32 
 
8L22 
 
 
 
 
 
 
 
824 
 
 
 
 
 
24 
 
8L23 
 
 
 
 
 
 
 
375 
 
 
 
 
 
 
 
8L30 
 
 
 
 
 
 
 
1668 
 
 
 
 
 
8 
 
8L31 
 
 
 
 
 
 
 
668 
 
 
 
 
 
24 
 
8L32 
 
 
 
 
 
 
 
701 
 
 
 
5 
 
8 
 
8L33 
 
 
 
 
 
 
 
769 
 
 
 
 
 
16 
 
8L40 
 
 
 
4 
 
 
 
1440 
 
4 
 
 
 
 
 
8L41 
 
 
 
 
 
 
 
1223 
 
17 
 
 
 
32 
 
8L42 
 
 
 
 
 
 
 
1323 
 
 
 
 
 
 
 
8L43 
 
 
 
 
 
 
 
1264 
 
 
 
 
 
32 
 
8L50 
 
 
 
 
 
 
 
2440 
 
 
 
 
 
 
 
8L51 
 
 
 
 
 
 
 
2935 
 
 
 
 
 
 
 
 
 130
 
8L52 
 
 
 
 
 
 
 
2245 
 
 
 
 
 
 
 
8L53 
 
 
 
 
 
 
 
2756 
 
 
 
 
 
 
 
8L60 
 
 
 
 
 
 
 
1629 
 
 
 
 
 
 
 
8L61 
 
 
 
 
 
 
 
660 
 
 
 
 
 
 
 
8L62 
 
 
 
 
 
 
 
1084 
 
 
 
 
 
4 
 
8L63 
 
 
 
 
 
 
 
1869 
 
 
 
 
 
 
 
8L70 
 
 
 
 
 
 
 
2601 
 
 
 
 
 
8 
 
8L71 
 
 
 
 
 
 
 
1389 
 
 
 
 
 
 
 
8L72 
 
 
 
 
 
 
 
1505 
 
4 
 
 
 
 
 
8L73 
 
 
 
 
 
 
 
421 
 
 
 
3 
 
 
 
8L80 
 
 
 
 
 
 
 
769 
 
 
 
4 
 
4 
 
8L81 
 
 
 
 
 
 
 
976 
 
 
 
3 
 
8 
 
8L82 
 
 
 
 
 
 
 
853 
 
8 
 
 
 
8 
 
8L83 
 
 
 
 
 
 
 
889 
 
 
 
 
 
 
 
8L90 
 
 
 
 
 
 
 
1260 
 
 
 
 
 
 
 
8L91 
 
 
 
 
 
 
 
585 
 
 
 
 
 
8 
 
8L92 
 
 
 
 
 
 
 
969 
 
 
 
 
 
 
 
8L93 
 
 
 
 
 
 
 
615 
 
 
 
 
 
 
 
8L100 
 
 
 
 
 
 
 
1928 
 
37 
 
 
 
28 
 
8L101 
 
 
 
 
 
 
 
641 
 
 
 
 
 
8 
 
8L102 
 
 
 
 
 
 
 
211 
 
 
 
 
 
 
 
8L103 
 
 
 
 
 
 
 
159 
 
 
 
 
 
 
 
 
 131
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
4 
 
 
 
47120 
 
70 
 
15 
 
364 
 
 
Sample 
 
Sacromastigophora 
 
Tardigrada 
 
Turbellaria 
 
Total 
 
8L10 
 
 
 
4 
 
27 
 
1342 
 
8L11 
 
20 
 
3 
 
4 
 
1255 
 
8L12 
 
43 
 
2 
 
 
 
498 
 
8L13 
 
44 
 
 
 
 
 
749 
 
8L20 
 
24 
 
1 
 
 
 
1077 
 
8L21 
 
48 
 
1 
 
 
 
1087 
 
8L22 
 
69 
 
14 
 
8 
 
942 
 
8L23 
 
31 
 
 
 
 
 
406 
 
8L30 
 
 
 
8 
 
52 
 
1840 
 
8L31 
 
4 
 
1 
 
 
 
756 
 
8L32 
 
115 
 
6 
 
 
 
868 
 
8L33 
 
 
 
 
 
35 
 
831 
 
8L40 
 
33 
 
4 
 
 
 
1599 
 
8L41 
 
 
 
1 
 
27 
 
1300 
 
8L42 
 
45 
 
 
 
 
 
1372 
 
8L43 
 
 
 
 
 
37 
 
1342 
 
8L50 
 
 
 
6 
 
31 
 
2674 
 
8L51 
 
 
 
4 
 
1 
 
3083 
 
 
 132
 
8L52 
 
 
 
 
 
9 
 
2295 
 
8L53 
 
 
 
1 
 
 
 
2784 
 
8L60 
 
 
 
14 
 
17 
 
2105 
 
8L61 
 
21 
 
8 
 
13 
 
757 
 
8L62 
 
45 
 
 
 
 
 
1292 
 
8L63 
 
27 
 
 
 
 
 
2203 
 
8L70 
 
 
 
2 
 
 
 
3371 
 
8L71 
 
21 
 
1 
 
7 
 
1438 
 
8L72 
 
 
 
1 
 
 
 
1526 
 
8L73 
 
9 
 
 
 
 
 
456 
 
8L80 
 
7 
 
3 
 
59 
 
989 
 
8L81 
 
5 
 
1 
 
 
 
997 
 
8L82 
 
 
 
1 
 
 
 
870 
 
8L83 
 
51 
 
 
 
 
 
949 
 
8L90 
 
 
 
2 
 
 
 
1350 
 
8L91 
 
16 
 
5 
 
37 
 
701 
 
8L92 
 
23 
 
2 
 
 
 
998 
 
8L93 
 
93 
 
1 
 
 
 
729 
 
8L100 
 
21 
 
2 
 
 
 
2268 
 
8L101 
 
 
 
3 
 
 
 
660 
 
8L102 
 
25 
 
2 
 
 
 
257 
 
8L103 
 
 
 
 
 
 
 
163 
 
 
 133
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
840 
 
104 
 
364 
 
52179 
 
 
 134
  
Table 16.  Estimated Fauna Totals at the Mid-Elevation at Huntington Beach (July 11, 
1998) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fauna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample 
 
Amphipoda 
 
Bivalvia 
 
Copepoda 
 
Crustacea 
 
Gastrotricha 
 
Gastropoda 
 
Halacaroidea 
 
Insecta 
 
8M10 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
8M11 
 
 
 
 
 
 
 
 
 
23 
 
 
 
8 
 
 
 
8M12 
 
 
 
 
 
 
 
 
 
65 
 
 
 
 
 
 
 
8M13 
 
 
 
 
 
 
 
4 
 
40 
 
 
 
 
 
 
 
8M20 
 
8 
 
 
 
 
 
52 
 
68 
 
 
 
 
 
 
 
8M21 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M30 
 
 
 
 
 
117 
 
12 
 
 
 
1 
 
 
 
 
 
8M31 
 
 
 
 
 
3 
 
 
 
7 
 
 
 
 
 
 
 
8M32 
 
 
 
 
 
 
 
 
 
20 
 
 
 
 
 
 
 
8M33 
 
 
 
 
 
1 
 
 
 
21 
 
 
 
 
 
 
 
8M40 
 
 
 
 
 
61 
 
4 
 
1 
 
 
 
 
 
 
 
8M41 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M42 
 
 
 
 
 
 
 
 
 
8 
 
 
 
 
 
 
 
8M43 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
8M50 
 
 
 
 
 
41 
 
4 
 
 
 
 
 
 
 
 
 
 
 135
 
8M51 
 
 
 
 
 
 
 
 
 
9 
 
 
 
 
 
 
 
8M52 
 
 
 
 
 
 
 
 
 
16 
 
1 
 
 
 
 
 
8M53 
 
 
 
 
 
 
 
 
 
21 
 
 
 
 
 
 
 
8M60 
 
 
 
 
 
43 
 
8 
 
11 
 
 
 
 
 
 
 
8M61 
 
 
 
 
 
 
 
 
 
11 
 
 
 
 
 
 
 
8M62 
 
 
 
 
 
 
 
 
 
12 
 
4 
 
 
 
 
 
8M63 
 
 
 
 
 
 
 
 
 
28 
 
 
 
 
 
 
 
8M70 
 
 
 
 
 
65 
 
25 
 
 
 
 
 
 
 
 
 
8M71 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M72 
 
 
 
 
 
 
 
4 
 
1 
 
 
 
 
 
 
 
8M73 
 
 
 
 
 
 
 
 
 
9 
 
 
 
 
 
 
 
8M80 
 
 
 
 
 
48 
 
 
 
8 
 
 
 
 
 
 
 
8M81 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M82 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
8M83 
 
 
 
 
 
 
 
 
 
3 
 
 
 
4 
 
 
 
8M90 
 
4 
 
4 
 
41 
 
27 
 
 
 
 
 
 
 
 
 
8M91 
 
 
 
 
 
9 
 
 
 
 
 
 
 
 
 
 
 
8M92 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8M93 
 
 
 
 
 
141 
 
8 
 
 
 
 
 
 
 
 
 
8M100 
 
 
 
12 
 
101 
 
4 
 
 
 
 
 
 
 
 
 
8M101 
 
 
 
 
 
9 
 
 
 
 
 
 
 
 
 
 
 
8M102 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 136
 
8M103 
 
 
 
5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
12 
 
21 
 
680 
 
156 
 
390 
 
6 
 
12 
 
 
 
 
Sample 
 
Kinorhyncha 
 
Loricifera 
 
Mystacocarida 
 
Nematoda 
 
Oligochaeta 
 
Ostracoda 
 
Polychaeta 
 
8M10 
 
 
 
 
 
 
 
 
 
2860 
 
 
 
 
 
8M11 
 
 
 
 
 
 
 
 
 
2151 
 
20 
 
 
 
8M12 
 
 
 
 
 
 
 
 
 
159 
 
 
 
 
 
8M13 
 
 
 
 
 
 
 
 
 
228 
 
 
 
 
 
8M20 
 
 
 
 
 
 
 
 
 
2429 
 
743 
 
 
 
8M21 
 
 
 
 
 
 
 
 
 
1556 
 
 
 
 
 
8M22 
 
 
 
 
 
 
 
 
 
408 
 
 
 
 
 
8M23 
 
 
 
 
 
1 
 
 
 
345 
 
 
 
 
 
8M30 
 
 
 
 
 
65 
 
 
 
996 
 
287 
 
 
 
8M31 
 
 
 
 
 
 
 
 
 
519 
 
 
 
 
 
8M32 
 
 
 
 
 
 
 
 
 
399 
 
 
 
 
 
8M33 
 
 
 
 
 
 
 
 
 
271 
 
1 
 
 
 
8M40 
 
 
 
 
 
31 
 
 
 
844 
 
25 
 
 
 
8M41 
 
 
 
 
 
 
 
 
 
428 
 
 
 
 
 
8M42 
 
 
 
 
 
 
 
 
 
199 
 
 
 
 
 
8M43 
 
 
 
 
 
 
 
 
 
193 
 
 
 
1 
 
8M50 
 
 
 
 
 
 
 
 
 
799 
 
32 
 
15 
 
 
 137
 
8M51 
 
 
 
 
 
 
 
 
 
425 
 
 
 
 
 
8M52 
 
 
 
 
 
 
 
 
 
319 
 
 
 
 
 
8M53 
 
 
 
 
 
 
 
 
 
199 
 
 
 
 
 
8M60 
 
 
 
 
 
12 
 
 
 
743 
 
73 
 
 
 
8M61 
 
 
 
 
 
3 
 
 
 
569 
 
 
 
 
 
8M62 
 
 
 
 
 
 
 
 
 
121 
 
 
 
1 
 
8M63 
 
 
 
 
 
 
 
 
 
197 
 
8 
 
 
 
8M70 
 
 
 
 
 
21 
 
 
 
1255 
 
120 
 
 
 
8M71 
 
 
 
 
 
 
 
 
 
1435 
 
80 
 
 
 
8M72 
 
 
 
 
 
 
 
 
 
109 
 
 
 
 
 
8M73 
 
 
 
 
 
 
 
 
 
327 
 
 
 
 
 
8M80 
 
 
 
 
 
7 
 
 
 
719 
 
36 
 
 
 
8M81 
 
 
 
 
 
 
 
 
 
349 
 
3 
 
 
 
8M82 
 
 
 
 
 
 
 
 
 
152 
 
4 
 
 
 
8M83 
 
 
 
 
 
 
 
 
 
344 
 
16 
 
 
 
8M90 
 
 
 
 
 
4 
 
 
 
1173 
 
65 
 
 
 
8M91 
 
 
 
 
 
 
 
 
 
651 
 
29 
 
 
 
8M92 
 
 
 
 
 
 
 
 
 
309 
 
 
 
 
 
8M93 
 
 
 
 
 
 
 
 
 
596 
 
 
 
 
 
8M100 
 
 
 
 
 
 
 
 
 
1495 
 
29 
 
 
 
8M101 
 
 
 
 
 
 
 
 
 
196 
 
 
 
 
 
8M102 
 
 
 
 
 
 
 
 
 
207 
 
5 
 
 
 
 
 138
 
8M103 
 
 
 
 
 
 
 
 
 
412 
 
7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
 
 
144 
 
 
 
27086 
 
1583 
 
17 
 
 
Sample 
 
Sacromastigophora 
 
Tardigrada 
 
Turbellaria 
 
Total 
 
8M10 
 
 
 
 
 
 
 
2864 
 
8M11 
 
 
 
 
 
 
 
2202 
 
8M12 
 
9 
 
1 
 
 
 
234 
 
8M13 
 
19 
 
 
 
 
 
291 
 
8M20 
 
 
 
 
 
 
 
3300q 
 
8M21 
 
 
 
1 
 
65 
 
1622 
 
8M22 
 
39 
 
 
 
 
 
447 
 
8M23 
 
21 
 
1 
 
 
 
368 
 
8M30 
 
 
 
 
 
 
 
1478 
 
8M31 
 
15 
 
 
 
 
 
544 
 
8M32 
 
27 
 
 
 
 
 
446 
 
8M33 
 
33 
 
 
 
 
 
327 
 
8M40 
 
 
 
 
 
 
 
966 
 
8M41 
 
3 
 
 
 
 
 
431 
 
8M42 
 
11 
 
 
 
 
 
218 
 
8M43 
 
27 
 
 
 
 
 
225 
 
8M50 
 
15 
 
 
 
 
 
906 
 
 
 139
 
8M51 
 
29 
 
 
 
 
 
463 
 
8M52 
 
23 
 
 
 
 
 
363 
 
8M53 
 
51 
 
 
 
 
 
271 
 
8M60 
 
15 
 
1 
 
 
 
906 
 
8M61 
 
24 
 
 
 
 
 
611 
 
8M62 
 
17 
 
 
 
3 
 
158 
 
8M63 
 
11 
 
 
 
 
 
244 
 
8M70 
 
37 
 
1 
 
4 
 
1552 
 
8M71 
 
49 
 
 
 
 
 
1568 
 
8M72 
 
20 
 
 
 
 
 
134 
 
8M73 
 
16 
 
 
 
 
 
352 
 
8M80 
 
32 
 
1 
 
 
 
851 
 
8M81 
 
13 
 
 
 
1 
 
366 
 
8M82 
 
16 
 
 
 
 
 
176 
 
8M83 
 
5 
 
 
 
 
 
372 
 
8M90 
 
23 
 
 
 
 
 
1341 
 
8M91 
 
108 
 
4 
 
24 
 
825 
 
8M92 
 
69 
 
 
 
4 
 
382 
 
8M93 
 
71 
 
 
 
 
 
820 
 
8M100 
 
32 
 
1 
 
 
 
1674 
 
8M101 
 
9 
 
 
 
 
 
214 
 
8M102 
 
24 
 
 
 
 
 
236 
 
 
 140
 
8M103 
 
21 
 
2 
 
 
 
447 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
934 
 
13 
 
101 
 
31195 
 
 
 141
  
Table 17.  Estimated Fauna Totals at the High-Elevation at Huntington Beach (July 11, 
1998) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fauna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample 
 
Amphipoda 
 
Bivalvia 
 
Copepoda 
 
Crustacea 
 
Gastrotricha 
 
Gastropoda 
 
Halacaroidea 
 
Insecta 
 
8H10 
 
 
 
 
 
12 
 
 
 
 
 
 
 
8 
 
 
 
8H11 
 
 
 
 
 
109 
 
 
 
 
 
 
 
8 
 
 
 
8H12 
 
 
 
 
 
88 
 
 
 
 
 
 
 
 
 
 
 
8H13 
 
 
 
 
 
35 
 
 
 
 
 
 
 
 
 
 
 
8H20 
 
 
 
 
 
2663 
 
 
 
 
 
 
 
76 
 
 
 
8H21 
 
 
 
 
 
465 
 
 
 
 
 
 
 
32 
 
 
 
8H22 
 
 
 
 
 
1888 
 
12 
 
 
 
 
 
8 
 
 
 
8H23 
 
 
 
 
 
384 
 
52 
 
 
 
 
 
72 
 
 
 
8H30 
 
 
 
 
 
148 
 
 
 
 
 
 
 
20 
 
 
 
8H31 
 
 
 
 
 
5 
 
 
 
 
 
 
 
5 
 
 
 
8H32 
 
 
 
 
 
45 
 
 
 
 
 
 
 
5 
 
 
 
8H33 
 
 
 
 
 
135 
 
7 
 
17 
 
 
 
33 
 
 
 
8H40 
 
 
 
 
 
11025 
 
 
 
 
 
 
 
37 
 
 
 
8H41 
 
 
 
 
 
459 
 
 
 
 
 
 
 
40 
 
 
 
8H42 
 
 
 
 
 
1265 
 
72 
 
37 
 
 
 
29 
 
 
 
8H43 
 
 
 
 
 
1536 
 
159 
 
 
 
 
 
 
 
 
 
8H50 
 
 
 
 
 
1813 
 
 
 
 
 
 
 
31 
 
 
 
 
 142
 
8H51 
 
 
 
 
 
368 
 
 
 
 
 
 
 
71 
 
 
 
8H52 
 
 
 
 
 
544 
 
23 
 
1 
 
 
 
29 
 
 
 
8H53 
 
 
 
 
 
327 
 
117 
 
15 
 
 
 
 
 
 
 
8H60 
 
 
 
 
 
1859 
 
 
 
 
 
 
 
 
 
 
 
8H61 
 
 
 
 
 
81 
 
 
 
 
 
 
 
35 
 
 
 
8H62 
 
 
 
 
 
2989 
 
64 
 
 
 
 
 
57 
 
 
 
8H63 
 
 
 
 
 
2373 
 
101 
 
139 
 
4 
 
87 
 
 
 
8H70 
 
 
 
 
 
84 
 
 
 
 
 
 
 
187 
 
 
 
8H71 
 
 
 
 
 
135 
 
 
 
 
 
 
 
27 
 
 
 
8H72 
 
 
 
 
 
25 
 
 
 
 
 
 
 
36 
 
 
 
8H73 
 
 
 
 
 
303 
 
 
 
 
 
 
 
37 
 
 
 
8H80 
 
 
 
 
 
288 
 
 
 
 
 
 
 
127 
 
 
 
8H81 
 
 
 
 
 
25 
 
 
 
 
 
 
 
75 
 
 
 
8H82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8H83 
 
 
 
 
 
83 
 
4 
 
 
 
 
 
0 
 
 
 
8H90 
 
 
 
 
 
1397 
 
11 
 
 
 
 
 
1 
 
 
 
8H91 
 
 
 
 
 
115 
 
 
 
 
 
 
 
17 
 
 
 
8H92 
 
 
 
 
 
341 
 
 
 
 
 
 
 
45 
 
 
 
8H93 
 
 
 
 
 
87 
 
13 
 
 
 
 
 
35 
 
 
 
8H100 
 
 
 
 
 
2560 
 
 
 
 
 
 
 
128 
 
 
 
8H101 
 
 
 
 
 
173 
 
 
 
 
 
 
 
153 
 
 
 
8H102 
 
 
 
 
 
593 
 
9 
 
 
 
 
 
59 
 
 
 
 
 143
 
8H103 
 
 
 
 
 
383 
 
 
 
 
 
 
 
49 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
 
 
 
 
37208 
 
644 
 
209 
 
4 
 
1659 
 
 
 
  144
 
Sample 
 
Kinorhyncha 
 
Loricifera 
 
Mystacocarida 
 
Nematoda 
 
Oligochaeta 
 
Ostracoda 
 
Polychaeta 
 
8H10 
 
 
 
 
 
 
 
7717 
 
 
 
 
 
 
 
8H11 
 
 
 
 
 
 
 
5113 
 
 
 
 
 
 
 
8H12 
 
 
 
 
 
 
 
2477 
 
 
 
 
 
 
 
8H13 
 
 
 
 
 
 
 
603 
 
 
 
 
 
 
 
8H20 
 
 
 
 
 
 
 
6925 
 
 
 
 
 
 
 
8H21 
 
 
 
 
 
17 
 
3280 
 
 
 
 
 
 
 
8H22 
 
7 
 
 
 
140 
 
1609 
 
 
 
 
 
 
 
8H23 
 
 
 
 
 
 
 
792 
 
 
 
21 
 
 
 
8H30 
 
 
 
 
 
 
 
3947 
 
 
 
 
 
 
 
8H31 
 
 
 
 
 
 
 
2601 
 
 
 
 
 
 
 
8H32 
 
 
 
 
 
 
 
1927 
 
 
 
 
 
 
 
8H33 
 
 
 
 
 
100 
 
1644 
 
 
 
 
 
 
 
8H40 
 
 
 
 
 
124 
 
12457 
 
 
 
 
 
 
 
8H41 
 
 
 
 
 
35 
 
2428 
 
 
 
 
 
 
 
8H42 
 
 
 
 
 
101 
 
2813 
 
88 
 
 
 
 
 
8H43 
 
 
 
 
 
61 
 
2535 
 
 
 
 
 
 
 
8H50 
 
 
 
 
 
 
 
2593 
 
75 
 
 
 
 
 
8H51 
 
 
 
 
 
 
 
1647 
 
179 
 
 
 
 
 
8H52 
 
 
 
 
 
35 
 
1668 
 
87 
 
 
 
 
 
8H53 
 
 
 
 
 
48 
 
1655 
 
21 
 
 
 
 
 
8H60 
 
 
 
 
 
 
 
2496 
 
657 
 
 
 
 
 
8H61 
 
 
 
 
 
 
 
2441 
 
391 
 
 
 
 
 
 
 145 
 
 
8H62 
 
 
 
 
 
381 
 
3332 
 
409 
 
 
 
 
 
8H63 
 
 
 
 
 
307 
 
3048 
 
256 
 
 
 
 
 
8H70 
 
 
 
 
 
1 
 
3225 
 
824 
 
 
 
 
 
8H71 
 
 
 
 
 
 
 
1704 
 
208 
 
 
 
 
 
8H72 
 
 
 
 
 
 
 
1517 
 
309 
 
 
 
 
 
8H73 
 
 
 
 
 
69 
 
1600 
 
172 
 
 
 
 
 
8H80 
 
 
 
 
 
 
 
2263 
 
408 
 
 
 
 
 
8H81 
 
 
 
 
 
 
 
1107 
 
272 
 
 
 
 
 
8H82 
 
 
 
 
 
 
 
396 
 
128 
 
 
 
 
 
8H83 
 
 
 
 
 
23 
 
828 
 
135 
 
 
 
 
 
8H90 
 
 
 
 
 
 
 
4164 
 
584 
 
 
 
 
 
8H91 
 
 
 
 
 
 
 
1735 
 
263 
 
 
 
 
 
8H92 
 
 
 
 
 
93 
 
1567 
 
148 
 
 
 
 
 
8H93 
 
 
 
 
 
108 
 
1935 
 
169 
 
 
 
 
 
8H100 
 
 
 
 
 
 
 
4375 
 
593 
 
 
 
 
 
8H101 
 
 
 
 
 
 
 
4079 
 
429 
 
 
 
 
 
8H102 
 
 
 
 
 
 
 
2027 
 
248 
 
 
 
 
 
8H103 
 
 
 
 
 
 
 
1937 
 
225 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
7 
 
 
 
1643 
 
112207 
 
7278 
 
21 
 
 
 
 
 
 146 
 
 
 
Sample 
 
 
Sacromastigophora 
 
Tardigrada 
 
Turbellaria 
 
Total 
 
8H10 
 
129 
 
 
 
 
 
7866 
 
8H11 
 
29 
 
 
 
79 
 
5338 
 
8H12 
 
101 
 
 
 
 
 
2666 
 
8H13 
 
61 
 
 
 
 
 
699 
 
8H20 
 
161 
 
 
 
 
 
9825 
 
8H21 
 
87 
 
 
 
44 
 
3925 
 
8H22 
 
111 
 
 
 
 
 
3775 
 
8H23 
 
52 
 
 
 
 
 
1373 
 
8H30 
 
131 
 
 
 
 
 
4246 
 
8H31 
 
48 
 
1 
 
 
 
2660 
 
8H32 
 
44 
 
2 
 
 
 
2023 
 
8H33 
 
 
 
7 
 
 
 
1943 
 
8H40 
 
173 
 
 
 
 
 
23816 
 
8H41 
 
56 
 
 
 
 
 
3018 
 
8H42 
 
120 
 
13 
 
15 
 
4553 
 
8H43 
 
103 
 
5 
 
 
 
4399 
 
8H50 
 
40 
 
1 
 
 
 
4553 
 
8H51 
 
 
 
 
 
35 
 
2300 
 
8H52 
 
43 
 
4 
 
27 
 
2461 
 
8H53 
 
87 
 
9 
 
 
 
2279 
 
 
 147 
 
 
8H60 
 
33 
 
1 
 
17 
 
5063 
 
8H61 
 
 
 
1 
 
44 
 
2993 
 
8H62 
 
25 
 
9 
 
 
 
7266 
 
8H63 
 
 
 
5 
 
 
 
6320 
 
8H70 
 
12 
 
 
 
7 
 
4340 
 
8H71 
 
68 
 
 
 
56 
 
2198 
 
8H72 
 
36 
 
 
 
 
 
1923 
 
8H73 
 
55 
 
 
 
 
 
2236 
 
8H80 
 
51 
 
 
 
28 
 
3165 
 
8H81 
 
37 
 
 
 
76 
 
1592 
 
8H82 
 
9 
 
 
 
 
 
533 
 
8H83 
 
19 
 
 
 
 
 
1092 
 
8H90 
 
143 
 
 
 
31 
 
6331 
 
8H91 
 
91 
 
 
 
61 
 
2282 
 
8H92 
 
19 
 
3 
 
61 
 
2277 
 
8H93 
 
69 
 
 
 
37 
 
2453 
 
8H100 
 
192 
 
 
 
213 
 
8061 
 
8H101 
 
131 
 
1 
 
124 
 
5090 
 
8H102 
 
115 
 
 
 
91 
 
3142 
 
8H103 
 
81 
 
 
 
107 
 
2782 
 
 
 
 
 
 
 
 
 
 
 
TOTAL 
 
2762 
 
62 
 
1153 
 
164857 
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